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Dear Reader: 
United States Depar tment of the Interior 
BUREAU OF lAND MANAGEMENT 
Buffalo ReMlUTC(' ,\r('a 
189 North udar 
Buffalo, Wyomi ng H2834 
1792 
Lighthouse CBM 
Enclosed is a copy of the environmental assessment (EA) for the American Oil and 
Gas Lighthouse Coal Bed Methane Project. Comments will be accepted until May 2, 
1995. All substantive comments received will be taken into consideration before mak-
ing a decision on whether or not to approve the proposed project. Comments should 
be sent to David Pomerinke , Area Manager, at the above address. After we have an-
alyzed the comments we have received , a copy of the decision will be mailed to you. 
If you have any questions, please feel free to call Richard Zander in Buffalo at 1-800-
301 -3483. 
Enclosure 
\ 
Sincerely, 
David A. Pomerinke 
Area Manager 
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CHAPTER 1 
PURPOSE OF, AND NEED FOR, THE PROPOSED L~CTION 
INTRODUCTION 
American Oil and Gas Corporation (American), also doing business as Martens and 
Peck Operating, proposes a coal bed methane (CBM) project called the Lighthouse pro-
ject near Gillette, Wyoming in central Campbell County just south of the Marquiss 
CBM project. Wells drilled in the project area would be from intermingled private, 
state, and federal oil and gas properties. At full production, American hopes to 
produce methane gas from a maximum of 200 wells completed in the Wyodak coal 
seam in the Lighthouse project area . Of the 200 wells, 100 would produce federally 
owned methane gas. 
Drilling CBM wells on lands where the oil and gas rights are owned by the federal 
government must be done under an approved application for permit to drill (APD) is-
sued by the Bureau of land Management (BlM). In considering whether to approve 
the APDs for the Lighthouse Field, BlM must consider the possible project-specific 
and cumulative environmental impacts to assure compliance with the National Environ-
mental Policy Act of 1969 (NEPA) . This environmental assessment (EA) has been pre-
pared to serve that requirement. An additional analysis will be completed at the time 
an APD is filed . This analysis will look at the site-specific impacts of the drilling lo-
cation and its relationship to the cumulative impacts documented in this analysis. 
PURPOSE AND NEED FOR THE PROPOSED ACTION 
The purpose of the Proposed Action is to include federal oil and gas properties within 
the Lighthouse Field CBM project now being developed exclusively on state and pri-
vate gas leases. Approximately 20 wells have been drilled , and nine are pending 
approval before the Wyoming Oil and Gas Conservation Commission (WOGCC). Ap-
proximately half of t he CBM wells would be drilled on lands where the oil and gas 
rights are privately owned or owned by the state of Wyoming. American estimates 
that as many as 100 wells could be drilled on federal oil and gas leases. Drilling wells 
under an approved APD is the only way to determine the potential for CBM production 
on federal lands. The private- and state-owned gas will be developed regardless of 
the outcome of this decision, but under the Proposed Action the project would include 
drilling CBM wells on both private, state, and federal oil and gas properties. 
American proposes to drill areas w ithin the Wyodak coal that are believed to trap free 
methane. This strategy reduces the need to depressure the coal seam which, in turn, 
minimizes the impact s to groundwater levels in t he coal seam as well as potential en-
vironmenta l impacts associated with surface discharge of groundwater. By expanding 
this project onto lands with federally owned gas, American will have greater flexibility 
to locate and site wells in these structures. Thus, the efficiency of the operation is 
improved as is the efficiency of minimizing environmental impacts. 
LOCATION OF THE PROPOSED ACTION 
The proposed CBM project would be located in central Campbell County, Wyoming, 
in the eastern portion of the Powder River Basin south of American 's successful CBM 
project. The wells would be located within a project boundary approximately 1 7 to 
35 miles south of Gillette, Wyoming, in an area American has named the Lighthouse 
Field. Out of the 200 proposed CBM wells, approximately 100 would be drilled on 
federal minerals; the remaining would be located on private or state minerals. The 
project boundary is delineated by lease ownership, and there is no legal requirement 
for American to confine drilling to this area other than their federal oil and gas leases. 
The majority of private- and state-owned gas would be developed regardless of the 
outcome of this EA, but under the Proposed Action the project would include produc-
tion from both private and federal oil and gas properties (map 1). It is significant to 
note that although approximately 1 % of the project area is federal surface (map 2); 
federal oil and gas ownership constitutes about 45% of the potential project area. All 
federal mineral ownership, which includes coal, oil and gas, clinker, uranium, and sand 
and gravel, makes up about 91 % of the potential project area. 
AUTHORIZING ACTIONS 
The BlM' s Buffalo Resource Area administers oil and gas leases on federal minerals 
for this project. leasing is subject to the limitations imposed by the Buffalo Resource 
Management Plan/Record of Decision (BlM 1985), by current policy, and by local, 
state, and federal laws. Before any surface disturbance can occur, American must 
have an APD approved by the BlM area manager for on-lease drilling and a right-of-
way for off-lease disturbance on federal surface. BlM may require a coal exploration 
license as regulated under the Mineral leasing Act of 1920, as amended, for drilling 
into a coal bed. 
The WOGCC also requires an approved APD for wells drilled in the state, including 
federal wells . The state of Wyoming considers coal bed methane produced in con-
junction with water to be a beneficial use and therefore requires an approved water 
well permit from the Wyoming State Engineer's office. Furthermore, the state of 
Wyoming's Department of Environmental Quality (DEQ) is responsible for granting a 
NPDES permit for discharge of any associated produced waters from any coal bed 
methane wells. 
Given that this project will require associated construction of at least four gas com-
pressor plants, noise and particulate emission permits will have to be secured by 
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Western Gas Company (American Oil and Gas Incorporated's produced gas buyer for 
the proposed project) from the DEQ. No permits are presently required for the 
proposed project from Campbell County. the city of Gillette. or the city of Wright. 
Finally. prior to area manager approval of the APD. American must secure necessary 
legal access to and across any privately owned lands. 
As part of the APD approval process. BLM reviews the included surface use and drill-
ing plan submitted by American . After the BLM receives the APD and prior to ap-
proval. an on-site inspection is made of the proposed drilling locations. access roads. 
and other potentially disturbed areas. BLM personnel. American's representatives. and 
the surface owner(s) usually attend the inspection to determine site-specific conditions 
for approving the APD. As part of the APD approval process. BLM requires standard 
protecti ve measures in design and operation of the proposed project. Prior to con-
struction. American would be required to follow Buffalo resource management plan 
decisions and comply with existing laws for threateMd and endangered species; cul-
tural. historical. and paleontological resources; and laderally protected raptor nests. 
The proposed Lighthouse project is in conformance with the BLM's Buffalo Resource 
Management Plan/Record of Decision (BLM 1985). BLM would apply any appropriate 
stipulations to protect site-specific resources. A plan for monitoring and mitigating 
potential adverse impacts to groundwater is also proposed by American as part of 
their project design (chapter 2). 
PUBLIC PARTICIPATION 
The Council on Environmental Quality (CEQ) regulations require an "early and open 
process for determining the scope of issues to be addressed and for identifying signifi-
cant issues related to a Proposed Action" (40 CFR 1501 .7) . Scoping was conducted 
through a direct mail process and public meetings. The mailing list included land-
owners. business groups. environmental groups. and any other interested members 
of the public . 
Public scoping meetings were held on August 23. 1994 at the Campbell County 
Library. on August 25. 1994 at the Holiday Inn in Gillette. and on September 1. 1994 
at the Holiday Inn in Gillette. All substantive comments BLM received during these 
meetings have been used to direct the scope and analysis of this EA. Additional 
public scoping comments were accepted through November 30. 1994. Two written 
comments were received during the comment period . 
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CHAPTER 2 
ALTERNATIVES, INCLUDING THE PROPOSED ACTION 
INTRODUCTION 
A total of five alternatives were considered in this EA. The first, the Proposed Action , 
considered that a total of 200 wells (100 private and 100 federal) would be approved 
and drilled over approximately a five-year period. The other four alternatives were: 
1) to reduce the number of wells approved; 2) to change the method of disposal of 
water on the land surface; 3) to consider underground injection of the po'oduced 
water; and, 4) to reject all applications for federal wells (No Action). 
ALTERNATIVE 1: THE PROPOSED ACTION 
The proposed action consists of drilling, completing, and operating approximately 200 
CBM wells in the eastern Powder River Basin of central Campbell County, Wyoming. 
Of these wells, a maximum of 100 would be located on lands where the oil and gas 
minerals are owned by the federal government (45% of the project area). These wells 
would be drilled in a staggered, sequential fashion over a five-year period. Each well's 
APD would be reviewed and approved on a case-by-case basis. This would allow con-
dit ions of approval to be developed for the CBM wells on the basis of monitoring. 
The CBM wells would be located between 1 7 and 35 miles south of Gillette, 
Wyoming, in an area named the Lighthouse CBM project. As stated under the " loca-
t ion of the Proposed Action" in chapter 1 , the project boundary is delineated by lease 
ownership, and there is no legal requirement for American to confine drilling to this 
area other than on federal oil and gas leases. Even without BlM approval , the major-
ity of private- and state-owned gas would be developed, but under the Proposed Ac-
tion the project would include production from private, state, and federal oil and gas 
properties. 
The project area is approximately 250 square miles (or 160,000 acres); average maxi-
mum well density would be 0 .8 well per square mile. Because the wells tend to occur 
in groups, depending on the structure of the coal seam, and are drilled on a 40-acre 
spacing, large portions of the project area would never see any activity. Drilling would 
be by small truck-mounted water well rigs operated by no more than two to three 
people at a time . No more than one rig would be operating in the project area at any 
one time. This includes logging and cementing rigs as well. These operations should 
not disturb more than a 100- by 100-foot area for a drill pad. A temporary mud pit 
of no more than 8 feet deep, 10 feet wide, and 20 feet long should be required for 
each drilling and completion operat ion . Each producing well would be drilled to 
between a 350- to 1 ,200-foot depth and would have casing cemented to the top of 
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the coal seam. Access to the wells would be by two-track road. Some roads could 
be upgraded at a later date. 
The BlM has a general policy that requires access roads to oil and gas wells on fed-
erallands to be crowned, ditched, and in most cases, graveled or otherwise surfaced. 
For the Lighthouse project, an exception may be made to this policy in consideration 
of the following factors. As described above, the wells would be drilled using a water 
well rig . After wells are completed and equipment is installed, travel to the wells 
would be generally limited to one visit per day in a light truck or utility vehicle to 
check on operations, read meters, and provide light service. Such trips could be re-
scheduled or postponed during infrequent periods of wet weather when vehicular traf-
fic could cause rutting. Troublesome areas, such as crossings of minor streams, could 
be upgraded as the need arises. Due to the flat terrain in this area very little earth-
work would be required in access road construction. Additional disturbance would be 
required to provide the crowning and ditching normally required by BlM's general 
policy for oil and gas well access roads. Most of the access roads are on privately 
owned lands, and the owners have expressed to American a desire to have surface 
disturbance, including road construction, minimized. Based on the foregoing, the Pro-
posed Action does not include conventional crowned, ditched , and surface roads such 
as BlM requires in conventional oil and gas operations. 
The project would be phased in through time and geography. The overall drilling acti-
vity would proceed north to south across the project area and correspond to an esti-
mated 5-year timeframe. A certain number of wells would be drilled and hooked up 
to pipelines each year within limited portions of the project area. American projects 
that between 25 and 50 wells could be drilled in any given year, of which about one-
half are likely to be federal wells. American estimates that no more than 100 wells 
would be on the federal minerals. The more likely scenario is for American to drill 30 
wells per year and f inalize the project at 150 wells, of which 75 might be on federal 
minerals. This compares to a total of 64 wells completed in the Marquiss Project 
drilled over a 3-year period. The low-range scenario could result f rom various eco-
nomic factors that would cause American to limit its activity, resulting in as few as 
100 total wells, or 50 federal wells. The estimated productive life of the project is 10 
to 20 years . 
The Proposed Act ion would consist of four basic components: a) the CBM wells; b) 
t he gas gathering and delivery system; c) the water disposal system; and, d) t he hy-
drologic monitoring system. These components are described below. 
CBM Wells 
At the Lighthouse Field, CBM would be produced by drilling wells at selected locations 
in t he Wyodak coal seam. This is the same seam that is being mined by 19 active 
surface coal mines in the Gillette coal fie ld (map 3) . Eight of these 19 mines are in 
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the immediate vicinity of the proposed action . These coal mines are located along the 
outcrop of the coal seam where the relatively thin overburden is conducive to surface 
mining. 
All proposed wells are expected to flow both water and methane gas at the surface 
for a variable period of time. In other wells it would be necessary to pump water until 
the associated pressure decline in the coal bed is sufficient for methane to begin to 
flow into the well bore. Methane would be produced until reserves decline to subeco-
nomic levels of methane production. Production from each CBM well is estimated to 
range from 50 to 500 thousand cubic feet (mcf) per day when the wells achieve 
optimal production. 
The CBM wells are located on anticlinal (dome-shaped) structures of the coal where 
free methane may exist in traps or where minimal pressure reductions are required to 
begin methane production. These structures in the coal are target CBM production 
sites because their shape provides natural traps for gas in the coal seam, and the 
structures are often associated with enhanced fracture permeability in the coal seam. 
This allows economic recovery of methane with fewer wells and reduced water pro-
duction as compared to typical CBM projects. 
The CBM well bores would be uncased in the ('oal, and the wells would be cased and 
cemented from the land surface to the top of the coal seam to prevent hydraulic com-
munication (connection) through the well bore between the coal seam and the overly-
ing Wasatch Formation. Figure 1 is a typical CBM well completion diagram. An un-
known number of wells would require the installation of submersible pumps which 
would be used to produce water as necessary to lower the pressure in the coal seam, 
thus permitting methane to displace the water in the fractures (or cleats) in the coal 
seam and become available for recovery in the well. Other CBM wells would en-
counter free gas under pressure allowing the gas to be produced by flowing to the sur-
face in tubing installed in the well bore. Wells encountering free gas would not re-
quire pump installation. Productior. of water is expected not to exceed 11 gallons per 
minute per well . 
The proposed development s~enario calls for a yearly progression of drilling and pro-
duction from roughly north to south across the project area. The wells would be dis-
tributed in a grouping or "pod" of approximately 50 wells each. Within each "pod" 
American proposes that the most effective production facility design would tie six or 
more wells in a cluster to a central gathering facility . From this "facility," the gas 
would be transferred by buried pipeline to a central processing plant and thence to the 
pipeline (figure 2) . It is estimated that four processing facilities would need to be con-
structed to serva the estimated production and sales. 
American proposes to minimize the size of all surface facilities used in the project. 
Gas and water from two to ten wells would be handled in one well building to mini-
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1 1 
mize disturbance. Incoming gas would be metered and then would flow into the gas 
line toward the compressor. Incoming water would be separated from its gas; the 
water would be directed toward a discharge point; and, the gas metered and directed 
toward the gas line. 
Each CBM well, upon completion and evaluation, would be tested for use as a 
methane production well. If found suitable, each may be equipped with the following: 
~ A submersible pump (about 1 to 2 horsepower) to depressure the coal seam by 
evacuating sufficient water to initiate gas flow. 
~ A water-gas separator. 
~ Piping and fittings necessary to connect the wellhead with discharge lines to 
convey water to discharge facilitates and gas to a compressor station. 
American will seek to bury power lines and water and gas lines used to connect pro-
duction wells with facilities in trenches wherever possible. These gas and water lines 
would be laid in a trench approximately six feet deep. Electric lines may be laid in the 
same trench at a two-foot depth. Power to each well would be provided by Tri-
County REA. 
Gas Gathering end Delivery System 
The gas gathering and delivery system would consist of black polyethylene pipe 1 Y. 
to 8 inches in diameter extending from each well to a compressor station which would 
compress the gas for delivery to a high-pressure gas transmission line (figure 2) . The 
gas line from the CBM wells to the compressor station would be installed with the use 
of a ditch· witch or similar vehicle. 
The pipeline would be assembled outside of the trench. After the pipeline is as· 
sembled and laid in the trench, the dirt would be bladed back into the trench and 
mounded to allow for settlement. The total width of disturbance along the trench is 
less than 10 feet. The total area disturbed by the pipeline construction is estimated 
to be about 50 acres . 
The proposed project would require construction of gas compressor facilities. These 
facilities would be consrtucted and operated by Western Gas Incorporated who is also 
the presently contracted buyer for the methane gas to be produced by American. As-
suming that one compressor plant would be required for each 50· well group, at least 
four compressor facilities would be required for the projected 200 wells. Each of the 
compressor plants would be rated at between 800 and 1,200 horsepower and would 
be tied into large diameter pipelines that presently exist in the project area. These 
compressor stations would occupy approximately six acres of surface. 
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Water Disposal System 
The water which must be pumped from the CBM wells to initiate gas flow and the 
water from the water-gas separator would be disposed of by discharging to area drain-
ages. This disposal method has been practiced by American at the Rawhide Butte 
CBM project northwest of Gillette and the Marquiss project immediately north of this 
project with no problems. It has also been well received by the landowners. The dis-
charged water helps maintain water levels in stock ponds and supports vegetation 
production and wildlife habitat along the receiving streams. 
Based on experience from the Marquiss project, it is estimated that CBM wells which 
produce water or which require pumping to initiate gas flow would produce water ini-
tially at an average of g to 1 2 gallons per minute (gpm) and would decline to about 
3 gpm per well. To the extent possible, the water discharge lines from each well 
would be placed into the same trench as the gas gathering lines to minimize construc-
tion costs and surface disturbance. The water discharge lines, like the low-pressure 
gas lines, would be poly pipe with a diameter of 2 inches, depending on how many 
wells can be networked into the same line. The discharge lines would be networked 
such that several wells are linked together to one common discharge point. As has 
been done at the Marquiss and Rawhide Butte projects, discharge points would be 
selected after consultation with the landowners to find locations which would provide 
maximum benefits. 
The receiving drainages would be tributaries to the Belle Fourche and Cheyenne rivers. 
The discharge of water would most likely be distributed to approximately 40 points 
(or 5 wells per discharge point). Assuming an average maximum of 10 gpm per well, 
the discharge at any point should not exceed 50 gpm. 
Hydrologic Monitoring System 
An integral part of the Proposed Action is a hydrologic monitoring system required to 
detect impacts to other water users and to provide data for control and operation of 
thG methane production project. The monitoring program will include groundwater 
and surface water monitoring, and the monitoring required under the terms of the 
NPDES discharge permit issued by the state of Wyoming. The monitoring program 
was designed to provide early warning if nearby water wells are susceptible to unac-
ceptable loss in hydraulic head as a result of CBM development activities. 
Whether production of methane occurs by encountering free gas trapped in the coal 
seam or by pumping water to reduce pressure and induce gas flow, it is possible that 
nearby water wells completed in the coal could experience a decline in head (for ex-
ample, an increase in the depth to water in the well bore). If the decline in head is a 
13 
significant part of the total available head at a particular water well, then that water 
well could experience a reduction in yield. 
Monitoring would be initiated on the Lighthouse project to validate predicted impacts 
and to identify the need to mitigate impacts. General monitoring activities are outlined 
below. 
Baseline Inventory. This inventory would include measurements of static water levels 
and methane concentrations at wells (both water wells and CBM wells) throughout 
the project area including a 2-mile buffer area around the project. 
Periodic Coal Aquifer Monitoring. This monitoring consists of periodic (monthly) mea-
surements of water levels and gas concentrations at selected wells. The data would 
be used to ensure that predicted impacts to the coal aquifer are not exceeded and to 
identify a potential need for mitigation. 
Continuous Coal Aquifer Monitoring. This monitoring consists of continuous measure-
ments of water levels and gas pressure in wells completed in the coal aquifer (the 
methane target zone). The data collected at these wells would be used to identify 
natural fluctuations (for example, daily and seasonal) and to isolate the effects of the 
coal bed methane development from other activities occurring in the coal bed. The 
information collected would also be used to validate periodic measurements as de-
scribed above. 
Paired Wen Monitoring. These m01'litoring sites consist of paired wellsnone completed 
in the coal aquifer and a second completed in the next adjacent sand zone (above or 
below the coal). This monitoring would determine if vertical leakage is occurring be-
tween aquifers. 
Surface Water Monitoring. This monitoring would provide information to prevent 
undue degradation to surface water resources (water quality as well as surface drain-
ages) would not occur. Monitoring would address discharge volumes, water quality, 
changes in stream flow off the project area, and qualitative monitoring of channel 
morphology. 
Groundwater QualitY Monitoring . Periodic water quality samples would be taken at 
selected monitoring wells as well as from the discharge points to ensure that the qual-
ity of water encountered is similar to that used to describe the predicted impacts of 
the project. 
Specific Monitoring Activities. 
Groundwater. The following is the monitoring that would be done by American: 
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./ Baseline water levels and gas concentration: all water wells within the project area 
plus a 2-mile buffer zone outside of project area _ 
./ Monthly monitoring of selected wells within and around the project area _ 
./ Periodic monitoring of static water levels in CBM production wells as required by the 
Wyoming State Engineers Office (SEO)_ It is expected that the SE~ would require the 
operator to submit monthly reports containing the following information for each CBM 
well : (a) well name, permit number and location; (b) reporting dates, name of indi-
vidual responsible for report, and method of measurement; (c) total volumes of water 
and gas produced during the reporting period and cumulatively since reporting began; 
(d) bottom of hole pressure build-up during a minimum 8-hour shut-in period once 
every 45 days; and, (e) remarks or comments regarding data acquisition. These re-
porting requirements were established by the SE~ for coal bed methane projects. 
./ Cumulative monitoring of water production at each CBM production well. 
The following is the monitoring that would be done by the BLM to provide independ-
ent verification of hydrologic activities: 
./ Continuous monitoring of groundwater levels and gas pressure of selected wells 
completed in the coal and periodic (o;1e to two months) measurement of methane 
concentration at these wells. In addition, four of these monitoring sites would include 
a second well completed in the next shallower sand above the coal near the coal well 
(less than 300 feeti. The other well pair includes a coal completion well and a well 
completed in the next sand ~ the coal. The approximate locations for these sites 
are listed in table 1. 
TABLE 7 
PROPOSED SCHEDULE FOR INSTALLING DEDICA TED MONITORING WELLS 
~I"TE 
DEPT" YMGEl'mE PIlOPOSED lIST At -
APPIlaICIMTE (feet bel ... Of LATICil DATE AlIt 
f'Ic:POSED WELL 1_ 1DI'lETI<II STATE OF V'RIUK 
LOCATICil suriec:e) (feet) PEIIIIIIT...u CXREIITS 
T. 48 N. , R. n w. 510 coal c~leted 2-6-93 Coal welt of a pair of wells eom-
S"" section 22 430 • 510 (U .\I. 90658) pleted for the Marquiss pro "eet . 
T. 48N . , R. nW. 4'0 .. nd c~teted 2-6-93 Sand welt of Nell pai r. 
SWSW, s ection 22 340 - 410 (U.W. 90659) 
T. 47 N. , Iii. n \,I. 407 coal c~leted 4-'-93 Coal welt of • pair of wells eom-
SIINW slK: t ion 2 327 - 407 (U.W. 90656) Dieted for the MaraL iss Dro "ee t. 
y. 47 N. , R. n w. 3'0 .. nd c:~teted 4- '-93 Sand well of well pa i r. 
SIINW uction 2 260 - 310 (U.Y. 90657) 
1. 47 N., Iii. n w. 500 coal existing Existing (Amoco weLL). 
SIMW sKtion 36 
1. 47 N. , It. 71 W. 460 coal uhting existing (Cordero well) . 
s ection 29 
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YUlE 1 
PItCFOSED SDIEDUlE Fm: IIISTALLlIG DBnCAlID _ITCIIIIG WELLS 
(eantirud, 
APPICICIMTE 
DEPT" TAIGI:' zrIE _IISTAI.-
APPICICIMTE (feet bel .. Of LATU. DATE All) 
PIlOPOSED WELL 1_ 1DI'lETI<II STATE Of VftIIIIG 
lOCATltII ourf .... , (feet) PEIIIIT .... CXREIITS 
T. 46 N., 11:. n W. 800 coal ye.r two Co.l well of well pai r . 
section 14 (.pprox. ) 
T. 46 N., R. n w. 500 coal existing Use th is existing Allerican well for 
section 36 (.pprox. ) (U _W_ 9n631 IIOnHortng for first year or ""'til 
needed for Droduction . 
T. 45 N., R. 71 W. 500 coal ye.r two 
section 4 (.oorox. ) 
T. 45 N., R. 10 w. 300 coal ye.r two 
section 30 (.oorox .) 
T. 45 N., R. n w. coal ye.r one Use this Americ.n Net l for two 
section 10 Years. 
T. 45 N., R. n w. 800 coal ye.r two COIl well of • pair (coal/sand) of 
section 15 (approx.) wells. This well wit l repl.ce 
section 10 well when ARrlcan takes 
T. 45 N., R. n w. 700 sand above ye.r two Sh., lower s.nd well of • well pai r 
sec tion 15 (armrox .) coal (coal/sand). 
T. 45 N. , R. 73 W. ',000 coal ye.r two 
section 2 (approx.) 
T. 44 N., R. n w. 800 coal yea,. three 
section 7 (armrox.) 
T. 44 N., R. 73 w. 900 coal ye.r three Coal well of • pa ir of wells 
section 14 (.rmrox.) (coat/sand). 
T. 44 N. , 11:. 73 w. 800 sand ye.r three Sand welt cOIIIpleted in the next 
section 14 (.pprox. ) sand aqui fer above the coal. 
T. 44 N. , 11:. 71 W. 500 coal year three Coal well of • pa t r (coal/sand). 
section 30 (.oorox . ) 
T. 44 N. , R. 71 Y. 600 sand year three S.nd well of a pa ir (coal/sand) . 
sect i on 30 (.oorO)( . ) 
./ Periodic spot checking of measurements made by American on their monitoring wells. 
./ Periodic (one to two times per year) monitoring of additional water wells further from 
the project area that American is not monitoring. 
./ Water quality samples would be taken from the monitoring wells on an annual basis 
and analyzed for the following constituents. 
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PaumnR 
pH 
• lectrical conductivity 
Bicarbonate 
Chloride 
Sulfate 
Carbonate 
Fluoride 
Calc! .. 
Pot ••• lua 
_ga •• 1U11 
Socii ... 
Aluainua 
Araenic 
Sariua 
Boron 
CadaiUli 
Chrc.iua 
Copper 
Iran 
Lead 
llercury 
Saleniua 
Silica 
Silver 
Zinc 
1IIII'I' 
Std unit • 
uaho./~ 
ag/l 
ag/l 
ag/l 
ag/l 
ag/l 
ag/l 
ag/l 
ag/l 
ag/l 
"gIL 
"gIL 
"gIL 
"gIL 
"gIL 
"'!IlL 
"gIL 
"gIL 
"gIL 
"gIL 
"gIL 
"gIL 
"gIL 
"gIL 
./ At least one multi-well aquifer test would be run to validate the assumptions of aquifer 
anisotropy and aquifer characteristics presented in this EA. 
Surface Water. The following is the monitoring that would be done by American: 
./ Monitoring of volume and quality of produced water being discharged to the surface 
as required by the Wyoming. Department of Environmental Quality (WDEQ) under the 
National Pollution Discharge Elimination System (NPDES). 
The following is the monitoring that would be done by the BlM: 
./ Operation of a surface water gauging station on the Belle Fourche River below the area 
to be affected by surface discharge of produced water from the Lighthouse project and 
above the areas influenced by the coal mines. 
At this station stream flow. water temperature. and electrical conductivity of the water 
would be continuously recorded . In addition. periodic manually collected samples 
would be analyzed for the constituents listed above with the addition of total 
suspended sediments (TSS). 
./ Periodic check sampling of water quality would be done at the lighthouse discharge 
points and analyzed as above. 
17 
./ Channels receiving the produced water would be monitored for signs of accelerated 
erosion and degradation. 
Cost Share on the Wells to be Monjtored by the BlM. Where suitable wells do not 
exist for monitoring. American would drill and complete wells (including logging and 
cementing) where necessary. The BlM would provide materials (casing and. where 
needed. gravel pack and bentonite) and all instrumentation and necessary support fa-
cilities (shelter and fence). The data obtained from these wells will also be used for 
the basinwide hydrologic study being done by the BlM and cooperating agencies. 
Implementation of Monitoring. This project is to be brought on line in a phased man-
ner. starting in the north and working south. Monitoring would be phased in as drilling 
proceeds (table 1). 
The well locations and scheduling in table 1 are approximate. If adequate existing 
wells are available they may be substituted for some of the wells above (or possibly 
added to the network) . The monitoring well schedule and final location would ulti-
mately be a function of the final development scenario and development schedule. 
ALTERNATIVES CONSIDERED BUT NOT ANALYZED IN DETAIL 
Reduce the Number of Federal Wells Approved 
This alternative considered the drilling of fewer than 100 wells in a sequential manner. 
It was not analyzed in detail because there is enough flexibility in the implementation 
of the Proposed Action to approve fewer than 100 wells. The decision to approve 
each well is based on the site-specific analysis completed for each APD. Impacts of 
this alternative would be less than the Proposed Action and therefore have not been 
analyzed. 
Change the Method of Surface Water Disposal 
This alternative was not analyzed in detailed because water discharges at the Rawhide 
Butte project (which has been producing coal bed methane for five years) north of Gil-
lette and the Marquiss project adjacent to this one have not caused any major prob-
lems. Also. discharges are regulated by the state of Wyoming under NPDES. and the 
produced water from this project would meet those standards. 
Inject Produced Water Underground 
Underground injection to dispose of the produced water was considered. The pro-
duced water should be of relatively good quality. Total dissolved solid (TDS) levels 
are expected to be from 500 to 1.000 milligrams per liter (mg/l) . well within Wyoming 
standards for livestock water. The produced water can only be disposed of in aquifers 
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exempt from the definition of fresh and potable water (WOGCC 1989). Injection of 
this water into an exempt formation would make water now suitable for irrigation and 
livestock unusable for any future use and would only mitigate potential surface water 
impacts and none of the potential groundwater impacts. Reinjection into the coal 
seam might be feasible but would also defeat the purpose of removing water from the 
coal seam to produce methane. Also, reinjection would require a system of wells and 
pipelines that would increase the total surface disturbances. Finally, because the pro-
duced water is expected to be suitable for livestock and wildlife and possibly irriga-
tion, it should be put to beneficial uses. 
No Action: Reject All Applications for Federal Wells 
Section 1502. 14(d) of NEPA requires that alternatives analysis in the EA "include the 
alternative of no action." The Department of the Interior's authority to implement a 
"No Action" alternative is limited. An explanation of this limitation and the discretion 
the Department has in this regard is as follows. 
An oil and gas lease grants the lessee the "right and privilege to drill for, mine, ex-
tract, remove and dispose of all oil and gas deposits" in the leased lands, subject to 
the terms and conditions incorporated in the lease (Form 3110-2). Because the Secr'3-
tary of the Interior has the authority and responsibility to protect the environment 
within federal oil and gas leases, restrictions are imposed on the lease terms. 
leases within the Lighthouse analysis area contain various stipulations concerning sur-
face disturbance, surface occupancy and limited surface use. In addition, the lease 
stipulations provide that the Department of the Interior may impose "such reasonable 
conditions, not inconsistent wit the purposes for which (the) lease is issued, as the 
(BlM) may require to protect the surface of these leased lands and environment." 
None of the stipulations would empower the Secretary of the Interior to deny all drill-
ing activity because of environmental concerns. 
Provisions in leases that expressly provide Secretarial authority to deny or restrict APD 
development in whole or in part would depend on an opinion provided by the U.S. Fish 
and Wildlife Service (FWS) regarding impacts to endangered or threatened species or 
habitats of plants or animals that are listed or proposed for listing (for example, bald 
eagle) . If the FWS concludes that the proposed action and alternatives would likely 
jeopardize the continued existence of any endangered or threatened plant or animal 
species, then the APD(s) and lighthouse development may be denied in whole or in 
part . 
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CHAPTER 3 
THE AFFECTED ENVIRONMENT 
INTRODUCTION 
These elements or resources are either not affected or not present in the analysis area 
and will not be discussed further: areas of critical environmental concern, prime or 
unique farmlands, floodplains, Native American religious concerns, hazardous wastes, 
wild and scenic rivers, wilderness or wilderness study areas, and paleontological re-
sources. 
The description of the affected environment focuses primarily on hydrologic and 
hydrogeologic conditions at the Lighthouse Field because it is believed these aspects 
of the environment are the most likely to be impacted by the proposal. Other aspects 
of the environment have been discussed in the Buffalo RMP (BlM 1985), the BRA Oil 
and Gas Environmental Assessment (BlM 1980), the West Rocky Butte Coal lease 
Application Environmental Impact Statement (BlM 1992a), the Belle Ayr Coal Mine 
Permit Application (AMAX 1988), the Caballo Coal Mine Permit Application (Carter 
1985), and the Caballo Rojo Coal Mine Permit Application (Mobil 1985). 
The Lighthouse Field is located in the eastern portion of the Powder River Basin south 
of American's previous CBM drilling project (MarqUISs) . This topographic and struc-
tural basin is bounded by the Black Hills to the east, the Big Horn Mountains to the 
west, the Hartville Uplift to the south, and the Missouri River Breaks to the north. The 
local landscape is characterized by rolling hills covered with grass and sage. To the 
east the topography changes abruptly to rough broken clinker hills. Numerous clinker-
and sandstone-capped buttes extend to the west. The major drainages in the imme-
diate area are the Belle Fourche and Cheyenne rivers, which flow generally west to 
east through the project area, and its tributaries. 
GEOLOGY AND MINERAL RESOURCES 
The proposed Lighthouse project area is located within the Powder River structural 
basin . The topography is that of rolling divides that have low local topographic relief . 
The Powder River Basin in general and Campbell County in particular represent one 
of the major mineral development areas in North America (Fox, Dolton, and Clayton 
1991). The proposed project located in the south-central portion of Campbell County 
shares in the unique geologic character of the Powder River Basin that has yielded sig-
nificant mineral resources and reserves (Flores and Cross 1991). This has been par-
ticularly true for oil , gas, and coal. 
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The proposed project is located on the eastern limb of the Powder River Basin which 
was formed during the Laramide Orogeny (mountain building) during the Late Creta-
ceous/Early Tertiary periods from 58 to 65 million years ago. Basin sediments were 
derived from the Big Horn Mountains, the Casper Arch, the Laramie Range, the Hart-
ville Uplift, and the Black Hills. The three primary geologic units affected by the pro-
ject include Quaternary alluvium and Tertiary Wasatch formations and the older Ter-
tiary Fort Union Formation (figure 3) . 
The Quaternary alluvium deposits found in stream beds and gullies were caused by 
erosional reworking of older sedimentary deposits in the area. These deposits include 
mainly silt- to gravel-sized particles from sandstones, siltstones, claystones, clinker, 
and clinker from the surrounding the deposits. These deposits are found at lower ele-
vations along drainages passing through the area. 
The older Wasatch Formation is the only other formation exposed at the surface in the 
project area. Scattered sedimentary deposits exposed throughout the project area in-
clude interbedded sandstones, siltstones, coal, clinker (coal ash and baked shale) , and 
shales. 
The Fort Union Formation is composed of interbedded sandstones, siltstones, shales, 
claystones, coal, and clinker. The Tongue River member of the Fort Union Formation, 
consisting of about 600 feet of sedimentary deposits, contains the Wyodak-Anderson 
coal seam (the primary zone of interest) . The methane gas contained in this coal 
seam exists as free gas, adsorbed on interior pore surfaces and micropores of the coal 
matrix, and dissolved in the water. Reducing the hydrostatic pressure on the coal 
seam by pumping off the water enhances the release and production of the methane 
gas previously trapped in the coal matrix as well as gas dissolved in the water. The 
Wyodak-Anderson coal seam is between 60 and 70 feet thick with a maximum thick-
ness of about 100 feet and ranges from between 200 and 1,000 feet below the 
ground surface, increasing in depth from east to west. This coal seam is mined exten-
sively in open pit mines where it outcrops east of the project area (map 3). Several 
less significant coal seams lie above and below the Wyodak-Anderson coal seam. 
Conventional oil and gas exploration and production has occurred in the project area, 
w ith the majority of the drilling penetrating the Wyodak-Anderson coal seam. Spread 
among all or part of 19 existing oil and gas fields in the proposed project area are 90 
currently producing oil wells and 15 gas wells (map 4) . Approximately 312 oil and 
gas w ells have been drilled in the proposed project area. The target oil and gas forma-
t ions underlying the Wyodak-Anderson coal seam include the Upper Cretaceous Park-
man Sandstone, Sussex Sandstone, Lower Cretaceous Mowry Shale, Muddy Sand-
stone, Skull Creek, Dakota, Lakota, and Permian/Pennsylvanian Minnelusa. 
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Existing OU and Gas Wells and Project Area 
The nature of occurrence and significa:1ce of the CBM resource has been well de-
scribed and discussed in other places (Henderson 1991; Law, et al. 1991; WGA 
1989) _ The most significant fact about this resource in the proposed project area is 
that it constitutes an economically viable methane gas reserve_ These reserves are 
located at shallow depths and can be produced at a relatively low cost_ 
WATER RESOURCES 
Groundwater 
Groundwater in and near the project area is used for a variety of purposes, including 
domestic, municipal, industrial, and agricultural uses_ Domestic and livestock wells 
are usually low yield (1 to 25 gpm) intermittent producers_ Water suitable for do-
mestic and livestock uses can generally be found at less than 1,000 feet below the 
surface. Industrial water wells are used primarily for obtaining water for use in sub-
surface injection to promote secondary recov6ry of petroleum_ At the coal mines 
these wells are used for drinking water and dust abatement_ 
There are nearly 2,800 SEO permitted water wells, of which approximately 1.450 are 
not monitor wells, in and around the project area (T_ 44-48 N., R. 70-74 W_)_ Of 
these 1 .450 wells, only 87 are probable coal or upper Fort Union completions not 
owned by American. The list is too lengthy to include in this document but is avail-
able at either the BLM Buffalo Resource Area Office or the BLM Casper District Office. 
The water well location data for all permitted water wells in the state of Wyoming is 
available from the SEO. Table 2 is a tabulation of these wells by primary use . 
The project area is underlain by what can be divided into four major bedrock aquifer 
systems--the Paleozoic-aged Madison, the Lower Cretaceous Dakota, the Upper Creta-
ceous Lance/Fox Hills, and the Lower Tertiary Wasatch/Fort Union. The Wyodak coal 
is the top of the Fort Union sequence. Minor aquifers of local importance in the area 
include the Quaternary alluvial aquifers. These represent the majority of the signifi-
cant water-bearing strata; however, there are a few wells completed in formations 
which are included in "aquitard" groups. These are generally lower yield and poorer 
quality except near the outcrop. In addition to the water supplies that can be devel-
oped from these aquifers, there are a few springs generally of the contact type, often 
at the base of the clinker. Since only the wells completed in the Fort Union and shal-
lower formations have any possibility of impact due to this project, only those forma-
tions are discussed below. A generalized cross section of the Wasatch/Fort Union 
geology of this area is described in table 3. 
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TABLE 2 
KINDS AND NUMBER OF WELLS IN THE PROJECT AREA 
(T. 44-48 N., R. 70-74 W.J 
PRIMARY USE 
Dewater 
Dcxn'.!stic 
Industrial 
Irrigation 
Miscellal'leCUB 
Monitor 
Municipal 
Reservoir 
Stock 
unknown 
TOTAL 
NUMBER 
101 
82 
91 
10 
374 
1,339 
34 
725 
29 
2,789 
UPPER 
FORT UNION 
0 
0 
76 
87 
The Wasatch/Fort Union aquifer group includes the Wasatch Formation and the 
Tongue River (which includes the Wyodak coal), Lebo, and Tullock members of the 
Fort Union Formation. The shallowest of the bedrock aquifer systems in the Powder 
River Basin, it ranges to over 3,000 feet thick (Feathers et al . 1981). The Wasatch 
and Fort Union aquifers are the most important local source of groundwater in the 
Powder River Basin (Feathers et al . 1981). They are developed extensively for shal-
low domestic and stock wells. 
The Wasatch aquifer consists primarily of fine- to medium·grained lenticular sandstone 
beds and sand channels surrounded and interbedded with siltstone, shales, and coals. 
Thickness ranges from approximately 300 (east boundary of project) to over 1,000 
feet on the west edge of the project boundary. Wells completed in Wasatch shales 
and siltstones generally do not yield enough water even for intermittent livestock use. 
Wells completed in sandstone lenses or sand channels yield 10 to 50 gpm. Artesian 
conditions are common away from the outcrop and particularly in the deeper isolated 
sands. Recharge to the Wasatch Formation is through surface infiltration of precipi· 
t ation and lateral movement of water from adjacent clinker and alluvium. 
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TABLE 3 
GENERALIZED DESCRIPTION OF THE SHALLOW GEOLOGY 
WITHIN THE LIGHTHOUSE PROJECT AREA 
AQUIFER 
FORMATION DESCRIPTION CHARACTERISTICS 
Wasatch Interbedded sandstones, siltstones, Discontinuous lenticular sands, fine-
shales. and coal. The sandstones are to medium·grained; generally supply 
generally discontinuous paleochannel adequate quantities for stock use. 
deposits or lenticular in nature. 
Aquitard Thick shale layer, 10 or more feet Aquiclude limpermeable layerl . 
thick found on top of the Wyodak 
coal. 
WesatchlFort Union Con1llct 
Wyodak coal Coal. 50 to 100 or more feet thick. Continuous, fractured coal seam. 
Aquitard Shale layer commonly present at the Aquiclude (impermeable layerl . 
base of the Wyodak. 
Upper Fort Interbedded sandstones, siltstones, Sands fine- to medium-grained; 
Union (Tongue shales, and coals. lebo is a leaky confin ing layer be· 
Riverl lobo I tween Upper and Lower Fon Union. 
Lower Fort Interbedded sandstones, shales, and Sands somewhat coarser than 
UnionfTullock coal. Upper Fort Union; sand at base of 
Fort Union (Tullockl a good pro-
ducer and regularly used indus· 
trially. 
Natural discharge occurs at small seeps and springs along surface drainages and from 
evapotranspiration. Local flow systems are predominant with discharge occurring 
along creeks and tributaries near recharge areas. Regional groundwater movement (if 
present) is towards the north but is extremely slow due to the fine-grained and discon· 
tinuous nature of most of the Wasatch. Dissolved solids concentrations in the 
Wasatch range from 141 to 9,710 mg/l and have a median concentration of 825 mg/I 
(USGS 1984). AnalYSis from approximately 143 wells completed in the Wasatch in 
and near the project area range from 146 to 8,200 mg/l and have an average concen· 
tration of 1,41 5 mg/I (appendix) . 
The Wyodak coal is the top of the Fort Union sequence. Water in the Wyodak coal 
away from the outcrop is confined by shale at the base of the overlying Wasatch For· 
mation and by a thick shale sequence underlying the coal (USGS 1988). The fact that 
the coal is a confined aquifer away from the outcrop is further documented by the 
USGS (1986a) and in various mine permit application packages (PAPs) on file with the 
WDEQ/Land Quality Division (LQD). Artesian conditions exist away from the outcrop. 
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The aquifer consists of the Wyodak and associated coals where the Wyodak splits and 
separates into multiple beds, interbedded sandstones, and clinker beds at the outcrop. 
Flow of water in the aquifer is affected in places where the coal bed splits and is 
interbedded with claystone, shale, and sandstone. Flow in the aquifer is also affected 
by differences in aquifer properties caused by the varying pattern and degree of frac-
turing in the coal. The permeability of the coal bed is a function of fracturing. There-
fore, the coal is not isotropic (uniform) and the flow occurs in the fractures within the 
coal. Wells completed within the coal generally yield from 10 to 50 gpm (USGS 
1975). Recharge occurs primarily along the clinker outcrop areas. 
Recharge and discharge also occur locally outside of the project area where the coal 
outcrops under the floor of alluvium-filled valleys (USGS 1988). As more of the oper-
ating mines are reclaimed, reclaimed mine areas may become recharge areas to the 
adjacent, undisturbed Wyodak coal. Regional flow is to the north and away from the 
recharge areas as indicated by the potentiometric surface map prepared by Daddow 
(USGS 1986a). Local flow patterns may differ from regional flow. Water 
quality of the Fort Union Formation (including the Wyodak coal and the Tongue River/ 
Lebo and Tullock members) is quite variable, with ranges of TDS concentrations from 
200 to over 4,000 mg/1. Average concentration for 72 samples in the project area 
from the Fort Union Formation is 1,349 mg/I (USGS 1984). The best quality water 
is generally obtained from the clinker areas, and the coal generally contains 1,000 to 
2,000 mg/I TDS (USGS 1974). The quality of the water in the coal seam is described 
in the various coal mine PAPs and the annual monitoring reports on the file with the 
WDEO/LOD and was summarized by the USGS (1988) . Based on 379 samples from 
the Wyodak-Anderson coal aquifer, the median concentration of TDS is 1,310 mg/1. 
Baseline data from the proposed Rocky Butte Mine (see location on map 3) lists 
average TDS concentrations of 1 ,210 and 2,120 mg/I reported by Carter and Wyodak, 
respectively (BLM 1992a). Specific conductance of water from the 25 discharge 
points in the adjacent Marquiss Field averaged 826 umhos/cm (54 samples) or ap-
proximately 550 mg/I (assuming TDS is roughly equivalent to .667 times the specific 
conductance) . Available data suggests that the very shallow wells yield a calcium or 
magnesium sulfate water . As depth increases, calcium and magnesium ions give way 
to sodium. The sulfate is replaced, at least in part, by bicarbonate so that the deeper 
wells yield a sodium bicarbonate type water (USGS 1966). Wells penetrating coal 
seams or other carbonaceous deposits often yield both water and gas (primarily 
methane) . Water quality analyses for over 72 Fort Union wells are displayed in the 
appendix. In addition to this data, samples have been collected from the 25 discharge 
pcints in the Marquiss Field semi-annually since December 1992. These samples rep-
resent waters being pumped from approximately 60 Wyodak wells. The average spe-
cific conductance for these discharges is 826 umhos/cm (ranging from 562 to 1,060 
for 54 samples). 
The quality of the water in the coal seam is described in the various coal mine PAPs 
and the annual monitoring reports on the file with the WDEO/LOD and was summar-
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ized by the United States Geological Survey (USGS 1988). Based on 379 samples 
from the Wyodak-Anderson coal aquifer, the median concentration of TDS is 1,310 
milligrams per liter (mg/I). Baseline data from the proposed Rocky Butte Mine (see 
location on map 3) lists average TDS concentrations of 1,210 and 2,120 mg/I re-
ported by Carter and Wyodak, respectively (BLM 1992a). Specific conductance of 
water from the 25 discharge points in the adjacent Marquiss Field averaged 826 micro 
mhos per square centimeter (umhos/cm) (54 samples) or approximately 550 mg/I (as-
suming TDS is roughly equivalent to .667 times the specific conductance). 
The Tongue River/Lebo consists of sandstone lenses in a predominantly shale and silt-
stone matrix (USGS 1988). Thick coal beds occur in the upper part of the Lebo Shale 
member (USGS 1974). Wells in the Tongue River/Lebo unit generally yield adequate 
quantities for domestic and livestock use if a sufficient thickness of saturated sand-
stone lens(es) is penetrated. The thick sequence of shales underlying the Wyodak 
coal in the vicinity of the existing mines hydrologically isolates the lower aquifers from 
impacts due to dewatering associated with mine activities and coal bed methane pro-
duction in the Wyodak coal aquifers. As with the other Fort Union aquifers, recharge 
is primarily from inflow at outcrop areas. Groundwater flow is generally northward. 
Water quality is as described above in the Wyodak. 
The Tullock aquifer consists of fine- to medium-grained sandstone beds and thin coal 
beds interbedded with siltstone, shale, and carbonaceous shale (USGS 19B8). The 
sandstone beds in the Tullock tend to be somewhat coarser and more massive than 
the overlying Tongue River/Lebo members of the Fort Union Formation. The Tullock 
is separated from the overlying members of the Fort Union Formation by a leaky con-
fining layer (Lebo shale) . The Tullock crops on the west along the Bighorn uplift and 
on the east, east of the Little Powder River, in a series of dissected ridges (USGS 
1987). Yields of 200 to 300 gpm are available from the Tullock, making this zone at-
tractive for municipal and industrial uses. Most of the wells for mine facilities are 
completed in this aquifer. Recharge to the Tullock is from leakage from overlying 
strata and infiltration along the outcrop areas. 
The alluvial aquifers consist of unconsolidated sand, silt, and gravel and underlie flood-
plains and the bordering terraces of streams in the area. Thicknesses are mostly less 
than 50 feet. Alluvium overlying formations of tertiary age (Fort Union and above) in 
the central part of the Powder River Basin is mostly fine- to medium-grained. Coarser 
deposits occur in the valleys of the Belle Fourche, Cheyenne, Powder, and Little 
Powder rivers (USGS 1973). Yield from the alluvium is a function of grain size and 
grain-size distribution. Recharge is from surface infiltration and discharge from under-
lying strata. Local groundwater movement dominates in these systems and is along 
the drainage in a down-stream direction. Water quality in alluvium within the Powder 
River Basin is quite variable with ranges in TDS concentrations from 100 to over 
4 ,000 mg/1. Common ranges are from 500 to 1,500 mg/I (USGS 1973). Analyses 
from 8 wells completed in alluvium within the project area have an average TDS con-
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centration of 2,232 mgl l, ranging from 467 to 6,610 mgll (appendix) . 
A complicating problem exists in predicting groundwater movement and chemical 
(!juality in the Powder River Basin. local leakage between aquifers can occur due to 
poor well complet ion techniques and to corrosion of casing in old wells where poor 
quality water was init ially cased off (USGS 1974). In addit ion to the actual well com-
pletions, the Powder River Basin as a whole has been extensively drilled in the course 
of mineral exploration; plugging the test holes is also of some concern. This type of 
communication has not been identified but could occur to some degree within the pro-
ject area. 
Table 4 , taken from lowry and others (USGS 1986b), shows trace metal concentra-
tions in groundwater w ithin Coal Area 50, which is the Powder River Basin and in-
cludes the project area. 
Surface Water 
The lighthouse project area is within the Belle Fourche and Cheyenne River drainages. 
The Belle Fourche River flows generally to the northeast. It originates and drains an 
area underlain by continental deposits of shale, sandstone, and coal. The channel is 
relatively narrow, has a !oilt and clay bottom, and in places is grass covered. Natural 
stream flow is primarily from thunderstorms and snowmelt. The groundwater table 
is intercepted in many reaches; however, very little groundwater is contributed to 
stream flow. 
The Cheyenne River and its triLutaries (primarily little Thunder and Black Thunder 
creeks) in and near the project area generally flow southeast. The Cheyenne River 
and its tributaries in this area are ephemeral in nature and are generally underlain by 
cont inental deposits of shale, sandstone, and coal as is the Belle Fourche River. 
Surface water data (daily discharge, annual peak discharge, water quality, sediment, 
biology) is availabie from a few USGS stations near the project area. In addition, the 
mines down stream have collected some additional data. 
Surface water quality in the area is generally suitable for livestock. Table 5 shows 
water quality criteria as it relates to livestock, agricultural , and domestic use. Table 
6 contains w ater quality data from the Belle Fourche River just downstream of the 
project area . 
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TABLE 4 
TRACE METAL CONCENTRA TIONS OF GROUNDWA TER IN COAL AREA 50 
Number Percent 
of of 
Analyses Analyses 
Exceeding Exceeding Drinking Maximum 
Dissolved Number Drinking Drinking Water Median Analyzed 
Trace of Water Water Standards Value Value 
Metal Analyses Standards Standards (pg/m3 , IPg/m3 , (pg/m3 , 
Arsenic 154 1 0.6 50" 1 120 
Barium 95 1 1.0 1,000" 100 1,100 165 1 0.6 10" 2 17 Cadmium 116 0 0.0 50" 10 50 Chromium 123 0 0.0 1,000" 1 104 
Copper 366 56 15.3 300" 100 120,000 
Iron 165 6 3.6 50" 2 180 
lead 257 100 38.9 50" 40 4,800 
Manganese 122 0 0.0 2" 0.4 1.5 159 4 2.5 10" 1 31 Mercury 141 0 0.0 5,000" 20 1,800 Selenium 
Zinc 
SOURCE: USGS 1986b. 
" National interim primary drinking-water standards (U.S. Environmental Protection 
Agency 1977). 
b'National secondary drinking-water regulations (U .S. Environmental Protection Agency 
1979). 
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TABLE 5 
WA TER QUALITY CRITERIAoi 
CONSTITUENTbl 
TOTAL 
USE SULFATE DISSOLVED 
SUIT- SODIUM CHLORIDE (mg/l) SOLIDS 
ABILITY 
LIVESTOCK 
Good --- --- < 500 < 1,000 
Fair --- --- 500 - 1,000 1,000 - 3,000 
Poor 2,000 --- > 1,000 > 3,000 
IRRIGATION 
Good < 60%" < 200 < 200 < 500 Fair 30 - 75% 200 - 550 500 500 - 2,000 Poor > 75% > 550 > 1,000 > 2,000 
DC8IBSTl:C < 115 < 250 < 250 < 500 
~SOURCE : McKee and Wolf 1963; US EPA 1976; USGS 1985. 
~AII values are in milligrams per liter (mg/ll unless as noted. 
~/Sodium absorbtion ratio (SARI is expressed as: Na x 100 
K+ Na + Mg + Ca IMEQ/LI 
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TABLE 6 
CHEMICAL ANAL YSES OF WA TERS 
FROM THE BELLE FOURCHE RNER BELOW 
RA TTLESNAKE CREEK NEAR PINEY, WYOMING 
SITE DESCRIPTION: Belle Fourche River below Ranlesnake Creek. Site located just 
below the Hilight Road. USGS Site ID 06425720. 
LOCATION: North latitude 43-59-04, west longitude 105-23-16. 
DRAINAGE AREA: 495 square miles. 
PERIOD OF OPERATION: November 6, 1975 through April 13, 1983. 
_OF 
PAUlE1Ei .. IT ...us IlEAl .... - .11.-
"'fa-~.b.re ·c 59 lZ.31 n .5 0.0 
Dj""""" els lDZ 13. 14 1 060 . 0 0.0 
~ifilt COI'IIb:tivity UIfIos/an 43 3 96Z. DD 8 000 . 0 1 100. 0 
... s tandard l.I"Ii t a 38 7. 91 8 . 1 7. 6 
lotal CM"gWIic: carban moll 5 9.64 16.0 6 .4 
taleiYl • 
... / 1 36 Z70 . DD 530.0 95 . 0 
...... i .. • .. II 36 171.00 530 . 0 35 .0 
SocIi!. .. moll 36 400 . 00 1 ZOO . D 100.0 
Potani ... 
_moll 36 16.00 45 . 0 6 .4 
OIlorick • mgll 36 ZD .DD 55 . 0 4 .1 
SUlfate· mgll 36 , 957 .00 5 400 . 0 510 . 0 
FlUDti~ • 
... / 1 36 0 . 45 0.9 D.Z 
sH i ca • 
.. I I 36 3 . 80 9 .4 D. Z 
sflvrr • 11"/1 10 1. 10 1. 0 Z. D 
.. ,.i .. - 11"/1 4 87.50 100. 0 50.0 
Berylli ..... uo/l 9 7.90 10.0 0 . 0 
Boron • 11"/1 36 15 1 .00 810.0 50 . 0 
c.diIi ..... u./l 10 2. 40 10 .0 0.0 
a.,..i ..... ~ 11"/1 10 5 . 00 20 . 0 0 . 0 
Copper· ". /1 10 3 . 10 7.0 1.0 
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lEAl 
... 'IUI RiinUt 
n .60 410.0 10. 0 
3 . 90 21 . 0 0.0 
234.00 800.0 59.0 
2. 20 4.0 0. 0 
3 .40 6 . 0 1.0 
0.00 0. 0 0 . 0 
2 367.00 3400,( 1 800. 0 
.325 1.0 0.0 
20.40 40 . 0 4.0 
36.70 100 . 0 10 .0 
114.00 300. 0 34.0 
1.00 2. 0 0.0 
9 . 23 17.0 1.7 
3 046.00 7 870.0 809.0 
0.15 0 . 5 0 . 0 
Average annual runoff within the Belle Fourche and Cheyenne River drainages is 10 
acre-feet per square mile (USGS 1986b). Table 7 displays estimated peak discharges 
for streams in the lighthouse project area. 
TABLE 7 
ESTIMA TED PEAK DISCHARGE FOR AREA STREAMS 
(in cfs) 
Recurrence Interval 
Drain- (yrs) 
age 
Creek Area 2 5 10 25 50 (square 
miles) 
Bay Creek 
T. 46 N . , R . 71 W. , 96 439 1,037 1,530 2,377 3 , 294 
section 30 
West Pork Bay Creek 
T . 44 N . , R . 72 W. , 6 131 310 467 725 1 , 026 
section 11 
Wild Ror.. Creek 
T . 45 N . , R . 73 W. , 52 346 819 1,213 1 , 884 2,622 
section 12 
Thr ... ile Cre.k 
T . 46 N., R . 72 W., 41 317 748 1,110 1 , 724 2 , 403 
secti on 27 
School Section Dr •• 
T . 47 N . , R . 72 W., 6 137 3 2 ' 487 757 1,069 
section 16 
Rattlesnake Creek 
T . 46 N., R. 71 W. , 10 173 408 612 950 1 , 338 
section 8 
Hoe Creek 
T . 47 N . , R . 72 W. , 59 365 864 1,278 1 ,985 2 , 670 
sec t ion 2 
100 
4,204 
1,309 
3 , 346 
3 , 067 
1, 3 65 
1 , 707 
3 ,5 23 
The primary contaminant in most of the surface waters within the Powder River Basin 
is sediment. Sediment concentrations are naturally high in the plains streams of the 
basin and can be aggravated by man's activities. Any surface-disturbing activity or 
activity which reduces watershed cover (vegetation) can increase erosion thus influ-
encing sediment concentrations and loads. Erosion occurs locally in three forms: 
sheet erosion, gully erosion, and channel/stream bank erosion . Sheet erosion can 
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usually be managed by minimizing surface disturbance and maintaining a good vegeta-
t ive cover. Gully erosion occurs in the steeper terrain underlain by sedimentary rocks 
common in the plains portions of the area. The Wasatch and Fort Union formations 
are particularly susceptible to gully erosion. This type of erosion is difficult to control 
once initiated. The gully growth is a function of water discharge magnitude and dura-
tion which is in turn a function of watershed slope and surface roughness or cover. 
Gullies can be controlled by controlling discharge and, conversely, sustained or reacti-
vated through increases in discharge over the equilibrium state. Gully erosion follows 
a threshold pattern. Once gully erosion has occurred, even control of the discharge 
back to the previous equilibrium level will not stop the growth of the gully. Stream 
bank and channel erosion are controlled by stream dynamics. Changes in peak flows, 
sediment load, or "ase flow can all cause changes in channel morphology. 
On most of the drainages, sediment concentration increases in a down-stream direc-
tion; however, sediment yield per unit area decreases. This decrease in yield per unit 
area is caused by decreasing gradients and wider, better-developed floodplains. 
WILDLIFE 
The EA area is composed of gently rolling sagebrush/grassland, dissected by intermit-
tent drainages. The majority of the area is private surface; therefore, access for wild-
life surveys is limited. Existing wildlife information comes from records of the Wyo-
ming Game and Fish Department (WGFD), U.S. Fish and Wildlife Service (FS), energy 
companies, and the BlM. 
The Belle Fourche River is an interrupted stream through most of the project area. 
This river contains nongame fish such as carp, suckers, shiners and dace. Wetland 
areas include livestock ponds, ephemeral streams, and playa lakes. 
The project area contains winter/yearlong and yearlong antelope range and yearlong 
mule deer range in the south central portion. Other game species include sage grouse, 
ducks, geese, and mourning doves. 
Raptors that occur in the area include golden eagles (25 nest sites), ferruginous hawks 
(12 nest sites). red-tailed hawks, Swainson' s hawks, prairie falcons, great-horned 
owls, and burrowing owls. Bald eagles occur in the area during the winter; however, 
no bald eagle nests have been documented. Nongame mammals include black-tailed 
prairie dog, coyote, red f ox , and raccoon . Badgers, bobcats, and muskrats are the 
only known fur bearers that occur in the area. 
There is only one known sage grouse strutting ground within the EA boundary. Be-
cause of the large amount of private land and access restrictions, additional leks may 
occur. 
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There are no known threatened or endangered plant or animal species habitat in the 
area. 
VEGETATION RESOURCES 
Vegetation in the project area is predominantly of the sagebrush/grassland type. Ri-
parian vegetation occurs in limited sites along the Belle Fourche River, minor drain-
ages, and near reservoirs. A very limited amount of dryland agriculture occurs, mostly 
along Wyoming 59 south. 
SOILS 
Soils in the Lighthouse project area are dominated by three major soil series--Renohill 
clay loam, Ulm clay loam, and Arvada clay loam. Small amounts of Wibaux and Sear 
soils are present (Soil Conservation Service 1955). 
The Renohill series occurs on bedrock-controlled hillslopes and ridges. The soil is 
moderately deep and is formed in residuum from soft, calcareous shale interbedded 
with sandstone and siltstone. Renohill soils are well drained, with medium to rapid 
runoff, and slow permeability . 
Ulm soils are deep and well drained. They are formed in calcareous alluvium from 
sedimentary rock . The Ulm series occurs on relict alluvial fan aprons, terraces and 
piedmont toe slopes. The Ulm series exhibits medium runoff and moderate to slow 
permeability . 
The Arvada soils are formed in slope wash alluvium and pedisediment derived from 
sodic shales. located on old terraces, fan piedmonts or fan aprons, are deep and well 
drained. Runoff is generally medium to rapid , with permeability being very slow. 
Wibaux and Sear soils are generally associated with clinker outcrops. They are deep, 
well-drained soils formed in weathered sediments derived from clinker. located on 
hillslopes, knolls, and ridges they are somewhat excessively drained. Runoff is 
medium; permeability is moderate to very rapid . 
These are general soils descriptions only and are intended to give an overall picture 
of soil resources in the Lighthouse project area. Soils naturally occur in a complex 
mosaic of series and phases covering a wide range of characteristics. For more de-
tailed site-specific planning, additional soils information is available in the mine permit 
applications for the mine permit areas for Caballo, Belle Ayr, and Caballo Rojo coal 
mines (Carter 1985; AMAX 1988; and Mobil 1985). Broader information can be ob-
tained from the Soil Survey (Reconnaissance) of Campbell County Wyoming (SCS 
1955). Field work was completed in 1993 on a third order soil survey of southern 
Campbell County. This survey is not yet compiled for publication, but additional infor-
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Campbell County. This survey is not yet compiled for publication, but additional infor-
mation is available at the USDA, Soil Conservation Service office in Gillette, Wyoming. 
LAND USE AND TRANSPORTATION 
In the Lighthouse project area, less than 1 % of the surface is administered by the 
BlM, about 5 % is owned by the state of Wyoming, and the remaining 94% is private 
surface (maps 1 and 2) . 
The primary land uses in the project area are oil and gas production, clinker quarrying, 
and cattle grazing with some sheep use. The southern portion of the project area is 
on the Durham Meat Company's ranch which raises buffalo (bison) for meat produc-
tion . 
Recreational land use in the proposed project area includes hunting for mule deer and 
pronghorn antelope which are common in the area. 
Existing oil and gas fields are scattered throughout the project area, and several coal 
mines border the project on the east. 
Existing major transportation corridors and networks in the area or adjacent to it in-
clude the principal north-south and east-west state highways, one major railroad line, 
and numerous oil and gas pipelines (map 51 . 
CUL TURA.L RESOURCES 
Paleoindian sites dating to the earliest recognized cultures have been found and exca-
vated in the vicinity of Gillette. The Lighthouse project is a short physical distance 
from Gillette, and no barriers to travel separate the areas. In the area, 47 sites have 
been recorded (table 8). Several sites have multiple components such as prehistoric 
lithic scatters associated w ith historic trash dumps. Not all sites produce diagnostic 
artifac ts or datable materials . 
Of the 47 sites, four are recommended eligible to the National Register of Historic 
Places (NRHPI: 48 CA 258 , a stone circle complex ; 48 CA 792, an occupation site ; 
48 CA 1570, the route of the Sawyer Wagon Road Expedition; and, 48 CA 1312, a 
stone circle and occupation site. 
One unusual condition applies to this project--the presence of bison bone usually indi-
cates prehistoric cultural use . How ever, buffalo have been raised domestically in this 
area since 1922, when the Marquiss family obtained the first animals from a herd in 
Sou th Dakota . Today, the herd numbers several hundred animals which can be seen 
at the Durham Ranch. 
37 
. 
. 11 
.'1 " 
onu 
I III I \' ..... !!!!!!l 
D 
• .....r- I "~",, I 
\ ,. 
I. 
I 
!!!!! 
~ I' 
I , . I I L '!W ft , 
>I, I =", I , I I! OJ, 
'I I D , , 'I I , , I' 'I 
I " I II ~ 
Ii!!! 1ii.1 I L liiIIII\-IlH--i 
T .. " N 
T ... N 
TOWN ~N 
~ I I ~ 1/ I i 
"II'~ 
>I ~ .'" I .'" 
L AND I i I I ilII PUBLIC LAND 0 PRI V A TE / SCALE = ! 320.000 
. ~ , : ::: 0::7 : O:R VI C "" : - ';T[ ,-ANDS s J . BAUER I iiJ BAN !.'1J PUBLIC VATER , I KH E AD- JONE S I RE~OURCE: 3 DATE : Q2/0J/9~ 
MAPS 
Pipelines, Ownership, Highways and Project Area 
38 
, 
, 
I 
I 
j 
I 
I 
I 
• I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
While Class III (100% as compared to sampling) cultural resource inventory covers 
only 4.5% of the total project area, it represents 8.4% of the federal mineral estate. 
Some 25~200 acres within the project have been subject to cultivation and develop-
ment mainly for Irrigated or sub-irrigated hay meadows. While such lands tend to 
h~ve relatively high potential for cultural sites, these lands are also subject to repeated 
dls~urbance which destroys sites. A scant 338 acres of such lands have been inven-
tOried for. cultural resources; however, no sites have been found. The greater portion 
of such dl~turbed s~,!ace acreage corresponds to coal-only mineral estate. Therefore, 
unless unique condItIons apply, cultivated and disturbed lands will be exempted from 
further cultural inventory requirements for this project. 
TABLES 
CUL TURAL AND TEMPORAL SITE SUMMARY 
SITE TYPES NUMBER TEMPORAL ASSOCIATIONS NUMBER 
Lithic 13 Archaic 1 
Stone circle (single ) 2 Middle Archai c 1 
Stone circle (2+) 4 Late Archaic 4 
Quarry 3 Late Prehistoric 7 
Camp/ occupation 4 Protohistoric 1 
Rock cairn 1 Historic 18 
Sheepherders monument 1 
Sheepherders camp 2 
Historic debris 8 
Hanestead 3 
Structure (school) 1 
Homestead complex/ ranch 0 
Historic constructs 
Bridge 1 
Depre ssions 1 
Wagon mine 1 
Hi s t ori c t rail 1 
TOTAL Site Componente 47 TOTAL Prehistoric Componente 14 
TOTAL Historic Componente 18 
No Native American special interest sites are known to occur in the project area. 
RECREATION 
Recreational opportuni.tie.s in the proposed Lighthouse project area are primarily shaped 
by the fact that .a majority of th~ surface ownership is in private hands; therefore, 
public ac~ess IS IImlte~ . G,ven thIS, the recreational qualities of the area are expected 
to be SImilar to the adjacent Marquiss C8M field . The environmental analysis of the 
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Marquiss project (BlM 1992b) identified sport hunting as the principal recreational 
land use within the project area. Hunting for pronghorn antelope, mule deer, and 
white-tailed deer is one of the significant recreational values of the area. The Mar-
quiss EA also identifies mourning dove, sage grouse, waterfowl, and cotton-tailed rab-
bit as being available for harvesting. 
CLIMATE 
The climate of the eastern Powder River Basin is semi-arid with average annual preci-
pitation ranging from 14 to 16 inches. In the Lighthouse project area 30% to 40% 
of the annual precipitation usually occurs in June, July, and August. Only 10% of the 
annual precipitation occurs in December, January, and February (Martner 1986). 
Average annual temperature for the study area is approximately 460 F, with July being 
the warmest month and January the coldest (BlM 1979). 
Regionally, winds come mainly from the west and northwest. Average annual wind 
speeds range from 9.2 to 13.1 miles per hour, with the highest wind speeds in the 
winter and spring when gusts frequently reach 30 to 40 miles per hour (BlM 1979). 
There are few topographical obstructions that hamper pollution dispersion. The area 
frequently experiences temperature inversions such as low mixing heights and low 
wind speeds that hinder pollutant dispersion (PEDCo 1983). 
AIR QUALITY 
The background TSP concentration annual geometric mean for the region is about 1 5 
micrograms per cubic meter Vig/13 ). In and near cities, towns, and mines, particulate 
levels are significantly higher than background levels (BlM 1985). Regulatoryagen-
cies assume that the background concentration of suspended particulates smaller than 
10 microns (PM-10) is also about 15 pg/13 (BlM 1992a). 
Air quality monitoring information shows that rural background concentrations of sul-
fur dioxide is 1 pg/13 (annual arithmetic mean), and the annual arithmetic mean for ni-
trogen oxide is 2 pg/13 (BlM 1985). 
Visibility of more than 60 miles is common, with significant reductions in visibility re-
lated to weather (BlM 1985). 
SOCIOECONOMICS 
The project area is in Campbell County, Wyoming, in the Powder River Basin. Wyo-
ming Highway 59, which connects Gillette (on Interstate Highway 90) to the north 
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with Douglas (on Interstate Highway 25) to the south, runs through the project area . 
Gillette, located about 20 miles north of the northern edge of the project area via 
Wyoming 59, is the major community in, and the county seat of, Campbell County. 
Wright, located in southern Campbell County at the intersection of Wyoming 59 and 
Wyoming Highway 387, is near the southern edge of the project area. 
In 1993, Campbell County had a population of 32,801, according to the Campbell 
County Economic Development Corporation (CCEDC 1995). The 1994 populations 
of Gillette and Wright were estimated at 20,892 and 1,357, respectively (CCEDC 
1995). [Note: Campbell County 1990 population estimates from this source do not 
agree with the 1990 Census population estimates for the county. The 1990 census 
estimated the Campbell County population at 29,370, compared with an 1990 popu-
lation estimate of 32,663 by the county (CCEDC 1995). 
Production of minerals (coal, oil, and gas) comprises the largest part of Campbell 
County's economic base. More than 80% of the coal produced in Wyoming comes 
from Campbell County, and Wyoming is the top coal producing state in the United 
States. Campbell County also produce~ about one-fourth of the oil produced in Wyo-
ming each year. Table 9 shows the state assessed mineral valuations for Campbell 
County and the state of Wyoming for the state's fiscal year 1993. 
TABLE 9 
MINERAL VALUA TIONS FOR CAMPBELL COUNTY 
IN FISCAL YEAR 1993'" 
County Total Wyoming Total 
Mineral valuation $ 1,104.6 mi llion $ 3.62 billion"" 
Coal valuation 7l8 . ~ million 1.12 billion 
Oil valuation 363 .7 million 1 . 39 billion 
Natural gas valuation 20.4 mi llion . 87 billion 
Sand and gravel valuation 1.9 million 6 . 30 billion 
Percent 
of 
State 
Total 
30.5 
64 . 0 
26.0 
2.4 
30.0 
"'Source: WDR 1993; for the state of Wyoming, fiscal year 1993 was July 1, 
1992 through June 30, 1993. 
" Includes bentonite, trona, uranium, and other mineral valuations which are not 
produced in Campbell County. 
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Agriculture is also an important part of Campbell County's economic base. According 
to the Campbell County Economic Development Corporation (1995), the major agricul-
tural products grown in the county are cattle and sheep. The county rates sixth in the 
state for cattle production and fifth for sheep production. In terms of area, agriculture 
is the primary land use in the county. 
In 1992, the average total employment for Campbell County was 19,378. Employ-
ment in the mineral development sector was estimated at 4,574 in 1992 (Wyoming 
Department of Administration and Information 1994). Employment in the farm sector 
in 1992 was estimated at 618 for the county. The average 1992 unemployment rate 
for Campbell County was 5.8%, down from 6.4% in 1990 but up from 5.6% in 1991 
(WDAI 1994). The average unemployment rate for the state was 5.6% in 1992. 
Per capita income in Campbell County averaged $ 19,806 in 1992, compared with an 
average 1992 per capita income of $18,631 for the state of Wyoming (WDAI 1994). 
Total personal income for the county in 1992 was approximately $606.5 million, com-
pared with a 1992 total personal income for the state of approximately $8.7 billion 
(WDAI 1994). Total 1992 county personal income earned from all mining (including 
oil and gas extraction) was approximately $251.8 million, representing 41.5% of the 
total personal 1992 income for the county (WDAI 1994). Total personal income in 
the county' s agricultural sector was approximately $ 1 0.9 million in 1992, which is ap-
proximately 1.8% of the 1992 personal income for the county (WDAI 1994). 
Based on information published by the CCEDC (1995), there were approximately 
7,464 housing units in Gillette, and 492 housing units in Wright as of December 
1994. The average cost of a three-bedroom home in 1994 was $80,542. The typical 
rent for a two-bedroom unfurnished apartment was $340 in 1994, not including utili-
ties. As of October 1994, the overall vacancy rate in Gillette for all types of housing 
was approximately 2% (Gillette Department of Community Development 1995). 
Governmental services available in Campbell County include county government, law 
enforcement, fire protection, roads and bridges, infrastructure and maintenance, solid 
waste disposal, medical and emergency services, a public school system, a com-
munity college, and a county library. 
VISUAL RESOURCES 
The entire project and surrounding area is designated as visual resources management 
(VRM) Class IV; that is, the landscape in its natural state is common in the area and 
consists of rolling hills with exposed clinker knobs. Dryland vegetation covering most 
of the area consists of grasses and shrubs. The landscape has been modified by con-
struction of highways, county roads, and private roads used by the public. 
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Oil and gas wells and related facilities are common throughout the project area as are 
power lines for domestic and oil field use. Because most structures are relatively 
small and scattered throughout the project area, the proposed project would retain a 
rural , open character. 
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CHAPTER 4 
ENVIRONMI:NTAL CONSEQUENCES 
INTRODUCTION 
This chapter analyzes the impacts of implementing the Proposed Action which is to 
approve the APDs to allow drilling, completing, and operating approximately 200 CBM 
wells in the eastern Powder River Basin of central Campbell County, Wyoming over 
a five-year time period. Up to 100 of these wells would be drilled on federal minerals. 
This impact analysis also discusses the impacts on other activities in the project area. 
Table 10 displays the assumptions used in the following analysis of the environmental 
consequences. 
Environmental impacts associated with CBM projects have also been analyzed by the 
BLM for [western] Campbell and [eastern] Johnson counties, and for the Marquiss, 
Pistol Point, and Rawhide Butte EAs (BLM 1990, 1992b, 1992c, 1992d). 
IMPACTS OF THE PROPOSED ACTION 
Geology and Minera[ Resources 
Coal production occurs in surface mines to the east of the project area. The methane 
gas contained in the coal seam is generally released into the atmosphere before or dur-
ing mining. The only impact the proposed CBM project would have on the coal seam 
is to pump off water in the area of the well bore and produce the previously trapped 
methane gas. Gas volumes are estimated to be from 73 million mcf to 730 million 
mcf. 
Developing the Lighthouse project would not impact other mineral resources in the 
area. Oil and gas are traditionally produced from geologic formations several thousand 
feet below the coal seam. The salable minerals, primarily clinker, sand, and gravel, 
are produced on the surface. No locatable mineral ore deposits are known to exist in 
the project area. Developing the existing minerals in the project area would be 
covered under pre-existing rights ; future conflicts would be dealt with on a case-by-
case basis. 
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TABLE 10 
ASSUMPTIONS USED IN IMPACT ANAL YSIS 
1. ....... Df I'nIpao.I Cool BId ...... W. 
2. ...... W" DIIIIity 
3. IIIpIIt ., W'" 
4. .... ., c.n.pr- SUIiaDs 
5. I'nIpao.I PrajId AnI 
8. Ana.t at s.r.. IIiIIInIIa: 
,..,wlljYd 
,.., -..- stllion 
Ana.t Df I'NII per wII 
~ Df pipIIne per wII 
7. Wmrllulity 
Surf_ 
WIuf_ 
8. Wmr IIiIdIIrgI 
9 . ...... PraUtian 
10. AUMs 
45 
200 11 00 estimated to be federal) 
0.8 wall per squire nile 
350 to 1,200 f881 
4 
160,000 acres 
(Ts. 43-47 N., Rgs. 71-73 W.) 
V. acrl 
1 Yo acres 
V. acre 
V. Icr. 
I,.oved 
No ~.cts 
40 discharge points; 
5 walls per discharg. point; 
initilUy 11 1IPm; Iverage 7 gpm, 
to less than 3 IIPm 
50 to 500 mcf per wall per dlY for 
10 to 20 yeers 
4 Icres per AUM 
11. s..a.....ics 
12. ~ 
IInIIapn.t ..- . 5 y.n 
PraUtian .... (10 to 20 v-s) 
Water Resources 
Surface Water 
TABLE 10 
(continued) 
$1.03 to $2.00 per mef 
$4,899,375 to $91,250,000 
1100 feder.1 walls over 20 y .. rs) 
No mora therl onl drill rig operlling 
II Illy giVerl lima 
6 people (sprNd bIIw_ drilling, 
cesing, logging, end pipeIin. con· 
struction) 
2 IuII·time employees 
2 pert·time lIIJ1IIoyees 
Impacts to surface water resources could occur in three categories: erosion and deg-
radation of the drainage network, sedimentation, and water quality. Surface discharge 
of the produced water from the coal bed methane wells in the lighthouse project area 
(maximum of 200 wells, including 100 federal wells) would be a maximum average 
per well of 11 gpm declining to less than 3 gpm at the end of 4 years as shown in 
figure 4. This discharge would be distributed to approximately 40 discharge points 
(up to 5 wells per discharge point) with maximum discharges of approximately 50 
gpm or 0 .11 cfs. This flow (0.11 cfs) represents the average annual runoff from ap-
proximately 8 square miles. Assuming that all 200 wells flow into the same drainage 
basin, this increased flow represents only 0 .5% to 2.4% of the two-year, 24-hour 
flood flows (per square mile) listed in table 7 in chapter 3. 
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Figure 4 
Modeled Pump Rates for the Marquiss and Lighthouse Projects 
Pump rates are before January 1995 represent actual mean monthly pump rates for 
the Marquiss CBM wells. Based on the observed water production in Marquiss project 
wells, Lighthouse project wells were modeled to produce water at a rate equal to rates 
observed at Marquiss, then decline with time. The initial fluctuation in the Marquiss 
pump rates is due to increasing numbers of wells coming into production. 
SOURCE: BlM 1995a. 
47 
Although these increased flows would not significantly affect peak flows, average 
daily flows would be increased. This may result in draws and drainages, previously 
ephemeral , becoming perennial downstream from the discharge points. This increased 
daily flow is not considered an adverse impact because it would be available for bene-
fic ial uses such as livestock and wildlife watering and enhanced vegetation produc-
tion. The surface landowners would most likely put the discharge water to beneficial 
use. 
Without accelerated erosion the increase in sediment transport and delivery down-
stream is insignificant. However, significant increases in average daily flows in the 
smaller, less well-developed drainages could result in degradation of these systems. 
To mitigate this, American will put the discharged water into existing stream channels 
or stock ponds in a manner that would not cause increased or accelerated erosion. 
This has been done effectively at the Marquiss and Rawhide CBM projects by using 
energy dissipators at the discharge points and by discharging into channels that are 
well enough developed to handle the increased flows. Cumulative maximum dis-
charge in any given discharge would be limited so as not to exceed the naturally oc-
curring annual peak flow. This is approximately 2.14 cfs per square mile (cfs/sqmi) 
for the Belle Fourche River drainage above Rattlesnake Creek. 
The discharge water quality is good for livestock and fair to good for irrigation use and 
is better than the naturally occurring water (809 to 7,870 TDS) in the Belle Fourche 
River just downstream of the project area. 
Groundwater 
The primary impact to the groundwater resource in the area would be the loss of avail· 
able hydraulic head, as previously described, in the coal bed methane target formation 
(the Wyodak-Anderson coal seam). In developing a CBM project, water is removed 
from the coal aquifer at specific locations, releasing methane gas for collection. This 
activity would typically result in some loss in hydraulic head in the coal aquifer. The 
extent and severity of this loss in head is generally not known but can be predicted 
with the aid of computer simulation of groundwater flow. The short term (1992 
through 2004) effects were modeled using repeated computer simulation of the aqui· 
fer. Following is a generalized description of this modeling effort. For a full technical 
description of the modeling effort see Assessment of Groundwater Impacts Related 
to the Proposed Lighthouse Coal Bed Methane Project (BlM 1995a). 
Groundwater flow is strongly related to the permeability of the aquifer. Permeability 
is a measure of ease through which water flows through material. To use a computer 
model to simulate groundwater flow, permeability and the storage coefficient (amount 
of water an aquifer material will hold) are required at each spatial location in the 
model. This information is not available at this level of detail. Therefore, methods are 
required to estimate these values. In most models currently found in the literature, 
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these values are assumed to be homogeneous throughout the region to be modeled. 
However, it is well known that water flows through coal as a result of fractures in the 
coal, and some regions are more highly fractured than others. Permeability, and to 
a lesser extent, storage coefficient vary regionally. One would anticipate some local 
areas with high permeability, others with low permeability, with some regional pattern 
of regularity. This regularity has been observed to be related to the amount of folding 
in the coal seam, possibly related to stratigraphic and tectonic patterns. 
In this modeling effort, the variability of the coal seam from which the methane will 
be produced was taken into account. Estimates of the average permeability and the 
variance were obtained from mine permit data along the crop line. It was assumed 
that permeability was high in areas of folding in the coal. An estimate of the conti-
nuity of the permeability was also gained from structure maps in the region . This in-
formation together allowed the simulation of several equally likely sets of permeabil-
ities at the 14,896 locations required in areas in and adjacent to the project area. In 
each simulation of permeability, areas known to have a high degree of folding in the 
coal were assumed to have higher permeability. Other areas with unknown character-
istics were allowed to vary. On one simulation, permeability may have been high in 
a particular area, while on the next simulation permeability may have been low in the 
same area. The resulting groundwater flow predictions would be quite different on 
each of these runs. By repeatedly running the model for the coal seam from which 
the methane will be produced on several equally likely sets of permeabilities, a range 
of possible outcomes was obtained, from which groundwater impacts can be esti-
mated. 
The Proposed Action was modeled using a groundwater model developed by the U.S. 
Geological Survey called MODFLOW as described above with the following assump-
tions. 
~ Pump rates from each of the 200 wells in the lighthouse area averages 7 gpm 
(11 gpm initially) declining with time over the life of the project to less than 3 
gpm (figure 4). 
~ The lighthouse Field will be developed incrementally, with full field development 
over the five-year development period of the project. 
~ The primary recharge is from along the cropline to the east but assumed negligible 
because of the practically complete interruption due to the mines. 
~ The aquifer (Wyodak coal) is an anisotropic (drawdown is not in a uniform cone 
of depression, but rather an oval). fully confined, non-leaky system averaging 75 
feet thick in the project area. 
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~ Additional stresses to the aquifer system included the 61 wells at the Marquiss 
field . 
~ The life of the project was projected at 11 years and 8 months (through the year 
2004) . 
~ Transmissivities (amount and ability of water to move through the coal) were 
simulated and ranged from 450 to 950 gallons per day per foot (g/dy-ft), with a 
mean of 700. 
~ A storage coefficient of 0.005 was used. 
The results of the modeling effort are displayed on map 6. This map shows the simu-
lated maximum drawdowns in the year 2004. Impacts to individual water wells com-
pleted within the coal would depend on proximity to dewatering wells, depth and 
completion interval of the water well, and the water well yield required to maintain it 
as a usable source. There are 87 out of 1,450 of these types of wells. Wells fully 
penetrating the coal with pumps set low within the coal are likely to be less impacted 
than those only partially penetrating the coal and with relatively shallow set pumps. 
This impact is considered insignificant because water will still be available from the 
coal at a deeper depth and from shallower or deeper aquifers. For individually im-
pacted water wells. see the "Mitigation Measures" section. Water level changes are 
not expected to occur in the aquifers above or below the coal because it is confined 
both above and below by a shale layer. Figure 5 is a hypothetical scenario displaying 
the relationship of a water well completed in the coal and a shallow water well com-
pleted in the Wasatch sand. 
Isolation of aquifers overlying the coal has been supported by the results of the BLM 
water monitoring efforts at the nearby Marquiss CBM project. In this instance, the 
BLM has operated two paired wells (a well completed in the coal and a well completed 
in the next overlying sand zone) monitoring sites since the beginning of the project 
and no communication has been seen between the deeper (coal) wells and the shallow 
(sand) wells, even with the loss of hydraulic head in the coal. In addition, CBM pro-
duction relies on the integrity of this confining layer, because without it the gas would 
have been free to escape to the atmosphere and because water leaking downward 
from shallower layers would make it difficult or impossible to lower the pressure in the 
coal seam by pumping from it. Information from the coal mines to the east of the pro-
ject area indicate that the significant sands within the Fort Union Formation are usu-
ally located well below the coal and thus not likely to be affected by pumping (BLM 
1992b). 
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Vegetation Resources 
A total disturbance of 1 56 acres during development is estimated for the project area. 
Assuming 4 acres per animal unit month (AUMI is used as an average production 
value, then it is estimated that 39 AUMs lost during initial development. This would 
be the drilling, completion, and pipeline installation for all wells. During the first ten 
years of the project, 24 AUMs would be lost per year to roads, well pads, and com-
pressor stat ions once the project is fully developed. Total loss over 10 years is esti-
mated at 279 AUMs. This loss is insignificant and will be offset by increased vegeta-
tion resulting from water discharge to the surface and improved livestock distribution 
with better water distribution within pastures. 
Wildlife 
Wildlife disturbance due to drilling within the proposed project area should be far less 
than that which is normally associated with conventional oil and gas drilling opera-
tions. Drilling at each of the Lighthouse Field sites is expected to take only two to 
three days as compared to two weeks for conventional oil and gas wells. Drilling at 
conventional c.il and gas wells normally occurs 24 hours a day; drilling at the CBM 
wells will not. Truck-mounted drill rigs (water well type) will be used to drill the CBM 
wells instead of the multi component rigs used to drill conventional wells. The drill pad 
size and road construction requirements are considerably less for these rigs, and 
American will use existing roads and trails where possible. 
Big Game. Drilling and construction activity will temporarily displace antelope and 
mule deer away from the area until the animals become accustomed to activity. Ob-
servations of antelope in the present CBM field suggests that they are somewhat 
tolerant of human activity most of the year except during the hunting season. Adding 
roads and increasing access into the area could make it easier for hunters to harvest 
big game. Antelope and mule deer could be forced away from an area if access and 
human activity exceeds the animals tolerance levels. 
Upland Birds. Drilling and human activity within 2 miles of sage grouse strutting 
grounds during the breeding and nesting period could cause a disruption or a decline 
in breeding activity. Permanent activity, or disturbance within % mile of the lek, may 
cause sage grouse to abandon or move away from the activity. Mitigative measures 
such as delaying drilling within 2 miles of the lek center until after the strutting and 
nesting period and not building permanent facilities within % mile of the lek center 
may prevent sage grouse abandonment. Mourning doves migrating through the area 
may stay longer with the additional surface water from CBM wells. 
Raptors. Most raptors are intolerant of human activity especially during the nesting 
season. A decline in raptor nesting near CBM wells is expected with new road and 
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facility construction. Additional power line facilities may cause raptor electrocution 
or collision fatalities. Burying these lines will eliminate these fatalities. 
WaterfowL Waterfowl numbers would increase if the water produced in the area is 
stored in reservoirs. The majority of ducks and geese would be present in the spring 
and fall during migrations. If suitable nesting habitat occurs, some broods may be 
produced each year . An estimated one brood of ducks or geese would be produced 
on each one-acre pond. Additional aquatic habitat associated with produced water 
would increase use and distribution of numerous birds, amphibians, and reptiles pre-
sently not occurring due to the lack of water and aquatic vegetation in the area. 
Fish. It may be possible to transplant game fish into created ponds in the area. Fish-
ing could produce an added recreational resource presently lacking in the area. 
The overall impacts associated with discharging produced water from this CBM pro-
ject would be positive as far as wildlife are concerned. Vegetation is likely to be en-
hanced in the vicinity of the individual discharge points, which would provide a~ addi-
tional food source and cover for wildlife. If enough of the produced water IS diS-
charged at one location, a wetland habitat may develop. In any case, discharged 
water from the project would increilse the availability of good quality water to Wildlife . 
Soils 
The largest single impact on the soil resource resulting from CBM development is from 
construction of unsurfaced access roads (50 acres) . Soil compaction and runoff from 
unsurfaced roads can be severe in some site-specific areas. 
During well site preparation, vegetation is removed and soil is disturbed and com-
pacted. This activity causes increased soil loss from wind and water erosion. 
Soil materials are mixed during underground pipeline construction. When less prc.duc-
tive subsoil becomes mixed with the topsoil, overall reclamation potential of the top-
soil is reduced. 
Estimates of soil loss were computed for the major soil types found in the Lighthouse 
project area using the Revised Universal Soil Loss Equation (Renard, et al. 19921. This 
analysiS is for comparative purposes only. Actual field conditions can vary greatly de-
pending on site-specific conditions and unusual precipitation events. 
When the soil surface is disturbed, the potential exists to increase soil erosion. In 
general , annual soil loss greater than two tons per acre in semi-arid regions would re-
sult in a decrease in soil productivity. Annual projected soil loss from undisturbed 
native rangeland was determined to be slightly less than 0 .50 tons per acre. Com-
puted maximum annual soil loss from disturbed areas ranged from 1.00 to 1.50 tons 
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per acre for the first year after disturbance. After one year, with reestablishment of 
a 40% vegetation cover, computed annual soil loss would be reduced to 0.50 tons 
per acre, nearly the same as undisturbed native rangeland. These computations were 
based on a 5% slope with slopes 400 feet long. In summary, soil loss would be insig-
nificant. 
Actual soil loss can be greatly reduced by using erosion control practices. Reclama-
tion practices on the Marquiss project have resulted in very linle accelerated erosion 
and a high level of reclamation success. 
Land Use and Transportation 
This project is expected to last 10 to 20 years. After that time, the facilities, (in-
cluding wells) would either be turned over to the surface owner or removed and the 
area rehabilitated. Remaining facilities would be only those beneficial to the surface 
owner. The enhanced water and livestock distribution should allow more even use 
of the forage. 
Short-term impacts to grazing as a result of developing the Lighthouse project would 
be the removal of about ~ acre of forage at each well location. Pipelines and two-
track roads would disturb additional land. Livestock and wildlife would be disturbed 
during the construction phase. 
In the long term, most of the acreage would be returned to production within a few 
years as the disturbed area is revegetated . 
Some positive impacts to grazing are anticipated. The discharged-produced water 
would aid in distributing livestock and wildlife, providing more temperate water in both 
w inter and summer, and enhancing vegetation diversity and productivity near the dis-
charge points and along discharge drainages. 
At t he conclusion of the project, wells beneficial for livestock or wildlife use could be 
turned over to the surface owner, including related roads. Unneeded roads and facili-
t ies w ould be removed and the area rehabilitated . 
Cultural Resources 
Cultural sites are nonrenewable resources and once disturbed lose much of their pre-
served information, integrity , and heritage value. Avoidance is preferred because even 
well pad construct ion , access roads, collection pipelines, and limited vehicle use have 
t he potential to disturb such sites. 
Bl M encourages preservation of cultural properties whenever possible; mitigation is 
undertaken when a direct impact to a significant property cannot be avoided. Inadver-
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tent or unintentional impacts to a significant site may be found to be the developer's 
responsibility and may require mitigation. Such problems are less likely when the pro-
posed action is properly planned for. When mitigation with a data recovery plan takes 
place, the effect to the site or cultural property is considered "no effect" or "no ad-
verse effect. " 
Visual Resources 
Changes in the visual character of the landscape due to the proposed activities ~o~ld 
be similar, but greatly reduced , to those already in place to accommodate eXI~t~ng 
conventional oil field activity. Using two-track and existing roads and centrahzlng 
separator facilities would minimize the visual impact of the road network. This would 
allow smaller sheds to be built over each well with only one larger shed at the separ-
ator. Buried power lines to each well would reduce the linear element in the land-
scape. 
Recreation 
Although the development of roads and well facilities would result.on .greater p~ysical 
access to the project area, a majority of this access would be hmlted to privately 
owned surface. According to the conclusions drawn from the environmental analysis 
of the adjacent Marquiss Field (BlM 1992b) project, there should be no significant 
negative impacts to hunting in the project area since wildlife numbers. would .not be 
reduced. Given the potential good quality of discharged water assocIated WIth the 
project, it is reasonable to conclude that the enhanced vegetation and i~creased water 
availability would probably have positive effects on all aspects of wlldhfe and theIr 
habitat. 
American has stated they will work with landowners in the project area to enhance 
the use of the good quality, discharged water. This practice would promote the im-
poundment of discharged water and use for wetlands and/or f isheries development. 
Air Quality 
A potential source of air pollution associated with CBM development is particulates. 
The main source of particulates associated with CBM development would be from 
road , drill pad, and pipeline construction . Emissions from diesel generators and gas 
compressor stations would also contribute particulates. 
An anfllysis of CBM development related to particulate emissions conducted in 1990 
showed that most of t he impacts occur within 100 meters of the well sIte (BlM 
1990). The 1990 analysis included particulate production from diesel generators used 
to pump w ater from the production well. American will use submersible, electric 
powered pumps t hus eliminating any emissions. 
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Other air pollutants released by associated diesel engines include sulfur dioxide, nitro-
gen oxide, and carbon monoxide. CBM development is expected to contribute min-
imal amounts of any of these pollutants. 
Socioeconomics 
The impacts on local employment are not expected to be significant. Although as 
many as 200 wells could ultimately be drilled, the drilling would be phased over a five-
year period. Eighteen wells have already been drilled on state and private minerals 
within the project area. Existing two-track roads would be used wherever possible, 
which would limit the need for construction of additional roads, and the workers that 
would be associated with that construction. The wells would be drilled using small 
truck-mounted water well drills. Drilling each well involves approximately two people 
for two days. Additional employment of several people would occur during construc-
tion of the gas gathering and delivery system. One or two full-time employees would 
be needed during the production phase of the project for well inspection, mainten-
ance, and service. Finally, abandonment of the project would involve several people 
to dismantle and remove aboveground facilities and plug the wells. 
The impacts to the transportation networks in the project area are not expected to be 
significant due to the low levels of employment needed for the project. This applys 
to the construction, operation, and abandonment phases of the project. 
The production of the coal bed methane would generate revenue for the state, county, 
federal government, and private landowners in the form of roy~lties, severance taxes, 
ad valorem taxes, sales and use taxes, easements, and rights-of-way. These in-
creased revenues would be realized for the life of the project. 
To gain an understanding of the potential economic significance of coal bed methane 
development in the lighthouse area, estimates can be made based on available 
opinion about reservoir characteristics, well performance, and sales expectations. 
Although the market for coal bed methane gas is highly volatile, a potential sale price 
value of $1.03 to $2.00 per mcf over the life of the project is not an unreasonable as-
sumption. 
Assuming a lighthouse well produces 50 to 500 mcf per day with a well life of 10 
to 20 years, 200 wells could yield as much as 73 million to 730 million mcf of gas 
with an estimated sales value of up to $1,460,000,000. Royalties collected from the 
project's federal wells could range from $4,699,375 to $91,250,000 over the same 
period. 
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MITIGATION MEASURES 
Water Resources 
Surface Water 
Discharge points wili ~e approved by a qualified hydrologist to ensure channel stabil-
ity. The channel will be inspected for signs of accelerated erosIon and appropnate 
mitigation will take place as necessary. 
Groundwater 
The main effect of the predicted loss in hydraulic head associated with the proposed 
action is to temporarily reduce or eliminate the available head in nearby water supply 
wells that are completod in the coal (map 6). Mitigation of these impacts in accord-
ance with state law can be accomplished by replacing water supplies if well yields are 
reduced below historic levels. Temporary replacement can be accomplished at the 
cost of the operator with commercially purchased water, with water produced by the 
operator, or by reimbursing a well owner for increased energy requlrem.ents assocl~ted 
with the greater pump lift. Permanent replacement can be accomphshed by dnlhng 
and completing a replacement well. If mitigation is required, such measures would 
be developed by the BlM in consultation with the Wyoming State Engineer and the 
affected landowner. 
CUMULATIVE IMPACTS 
NEPA requires cumulative as well as site-specific impacts of a ~roposed federa~ action 
be considered as part of the decision-making process. Accordong to the Council of En-
vironmental Quality , cumulative impacts on the environment which can result fro~ 
identified environmental impacts, including those that are incremental or of low magm-
tude must be considered . These "cumulative" impacts should be evaluated in light 
of o;her past, present, and reasonably foreseeable future actions in the affected area 
regardless of what agency (federal or nonfederal) or person undertakes such .ot~er 
actions. Cumulative impacts can result from individually minor but collectIvely slgmfl-
cant actions taking place over a period of time (40 CFR 1508.7). In the case of the 
Lighthouse project, concerns center primarily around the c~mulative impacts of co~1 
mining, coal bed methane development, oil and gas productIon, and othe~ known .actl-
vities that impact water quality and availability in the central Powder R,ver BasIn of 
Wyoming. 
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Principal past actions that must be considered in the evaluation of the cumulative 
impacts are those that have affected similar resources and for which the effect is still 
residual in the environment. 
Past resource development actions in and near the proposed project area that may af-
fect resources for which the effect is still residual consists of the oil and gas develop-
ment in 19 existing oil and gas fields, prior quarrying of clinker for aggregate, and 1 2 
coal mines located east of the project area. 
The reasonably foreseeable projects that can be expected in the area of the proposed 
project are continued coal mining from existing mines, continued drilling of oil and gas 
leases and their potential conversion to secondary and tertiary recovery. The com-
bination of the proposed CBM wells and these activities should represent only a slight 
increase in the overall magnitude of cumulative impacts to the area. 
Coal mining at the mines nearest the project area is expected to continue for the next 
20 years (based on current mine plans). Continued future implementation of this oil 
and gas development will depend on economic factors. Given that industry has a 
strong desire to develop the oil and gas leases in the Powder River Basin, this develop-
ment will most certainly go forward during the next 20 years. Development of the 
Lighthouse project as described should contribute only small, incremental impacts to 
the area. 
Water Resources 
The common, and potentially cumulative impacts to water resources by activities as-
sociated with CBM development and those impacts associated with coal mining in-
clude withdrawal of water from the coal seam resulting in a loss of head in the coal, 
and the surface discharge of this produced water. 
Impacts associated with mining but not with CBM development include the following : 
Changes in Groundwater Quality: After mining, the aquifer (Wyodak coal) is 
replaced with mine spoils which have the potential to change the quality of the 
aquifer. In CBM development, water is simply being removed; there are no 
foreign materials being introduced to the system. 
Changes in Infiltration Rates and Recharge: In mining, the surface and aquifer 
are being removed and replaced--complete surface and subsurface disturbance. 
In CBM development, the aquifer remains essentially un-1isturbed--the recharge 
mechanism is unchanged. 
Impacts to Aquifers Stratigraphically Above the Coal: The Fort Union and 
Wasatch formations are assumed to be hydrologically isolated. In mining, the 
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shallower aquifers (the overburdenl must be removed to access the coal; there-
fore, the impacts to these aquifers are significant. In CBM development, these 
aquifers are essentially undisturbed and, if hydrologically isolated as assumed, not 
impacted. 
Subcoal Fort Union Aquife s: It is unlikely that CBM development will impact 
the sub coal aquifers; therefore, there will be no cumulative impact. 
Surface Water 
The two main issues relating to cumulative surface water impacts are: possible 
changes in runoff rates and possible changes in surface water quality. 
Some studies indicate that infiltration rates are initially smaller on reclaimed lands than 
on premining lands. A weighted average reduction of 29% has been found, with this 
reduction declining over time until the postmining infiltration rates recover to premin-
ing levels (USGS 19881. Since runoff and infiltration rates have an inverse relation-
ship, a reduction in infiltration rates could cause an increase in runoff and stream-
flows. Assuming that the runoff from reclaimed areas is 29% greater than that from 
premining areas (based on the change in infiltration rates noted above). the USGS de-
termined that major streams in the Powder River Basin would see runoff increases 
ranging from 0.4% for the Cheyenne River to 4 .3% for Coal Creek. In addition to 
these predicted increases due to coal mining, the Marquiss and Lighthouse CBM devel-
opments would add approximately 5 cfs (2%) of the mean annual flow of the Belle 
Fourche and Cheyenne rivers. 
Surface water quality should not be significantly affected by mining, based on studies 
conducted by the USGS for the Belle Fourche River Basin (USGS 1986b). Sediment 
yield should not increase in area streams, even with the added area disturbed by the 
Lighthouse project. Although reclaimed soils may be more erosive for the first few 
years after reclamation , the larger sediment production would probably not be de-
livered to area streams due to sediment deposition as a result of flatter slopes on re-
claimed lands and sediment trapping by mandated sedimentation ponds. As described 
in the "Environmental Consequences" section of this EA, the water discharged as the 
result of CBM will be of better quality than the naturally occurring surface water in the 
area. 
Groundwater 
The cumulative impact of surface coal mining and other activities (including CBM 
development) on groundwater has emerged as an area of concern during the scoping 
process and in comments received on coal leasing proposals and the Marquiss coal 
bed methane project. The WDEO/lOD is required by the Surface Mining Control and 
Reclamation Act (SMCRA) and WDEO/lOD rules and regulations (WDEO 1980) to as-
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sess the potential for cumulative hydrologic impacts of current and anticipated mining 
on the ground and surface water systems each time a mine permit application or a 
mine permit revision is made. In 1987, the U.S. Geological Survey, in cooperation 
with the WDEO/lOD and the Office of Surface Mining (OSM), conducted a study of 
the hydrology of the eastern Powder River Basin. The purpose of the study was to 
provide the hydrologic information needed to perform these assessments. The result-
ing document, "Cumulative Potential Hydrologic Impacts of Surface Coal Mining in the 
Eastern Powder River Structural Basin, Northeastern Wyoming," (CHIA) describes the 
cumulative effects of all current and anticipated mining (as of 1987) on the hydrologic 
system (USGS 1988). The 1988 CHIA is the most comprehensive basinwide assess-
ment of the potential hydrologic impacts of surface coal mining in the Wyoming 
Powder River Basin. 
During scoping for coal leasing and the Marquiss project, concern was expressed over 
reliance on this CHIA in assessing groundwater. The scoping comments specifically 
identified groundwater impact analysis concerns related to two specific evaluation 
report findings: 1) that "assessments of the hydrologic impacts of mine sites in the 
Powder River Basin are based on technical data that may not be site specific," and 2) 
that some CHIA documents in Wyoming are deficient in that not all hydrologic impact 
projections were based on the most recent technical/baseline information (OSM 
1992). 
The lack of site-specific data is a surface water data concern in the evaluation report 
not a groundwater data concern. The evaluation report noted that Wyoming agreed 
that the "USGS CHI A was site specific to the Belle Fourche River Basin and should not 
be extrapolated and used area wide" (for surface water impacts) . 
With respect to the second finding , the evaluation report did not find that the CHIAs 
were inadequate, but the report cited areas where they could be improved. The eval-
uation report noted that WDEO agreed that CHIA analyses must consider the most 
current information available for each mine in assessing cumulative impacts. The re-
port also suggested a procedure that would "include all the latest baseline information 
from the probable hydrologic consequences of all mines in the cumulative impact 
area ." As a result of a cooperative agreement signed in 1993, BlM, OSM, the Uni-
versity of Wyoming, and the State Engineer's Office are providing assistance to 
WDEO/lOD in the CHIA update process, which is expected to take several years to 
complete. 
The issues raised in the evaluation report do not change the assessment of impacts 
to water resources described in this EA. This EA describes anticipated impacts using 
the available information. 
Monitoring programs required by WDEO/l OD and administered by the mining com-
panies have been established in the eastern Powder River Basin. Each mine is required 
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to monitor groundwater levels in the coal itself as well as in shallower aquifers in the 
area surrounding their operations. There are also requirements for drilling monitoring 
wells in the backfill areas of the mines in order to record the water level recovery in 
these areas. In addition to the mine monitoring required by DEO/lOD, the SE~ and 
the BlM have required water monitoring to be done on coal bed methane projects. 
The Gillette Area Groundwater Monitoring Organization (GAGMO) is a voluntary group 
formed in 1980. The purpose of GAGMO is to assemble and report the hydrologic 
monitoring data being collected by the coal mining companies operating in the eastern 
Powder River Basin of Wyoming, from the Buckskin Mine north of Gillette to the 
Antelope Mine in northern Converse County. Members of GAGMO include most of 
the companies with operating or proposed mines in that area, the WDEO, the Wyo-
ming State Engineer' s Office, the BlM, the USGS, and the OSM, which joined in 
1991 . The Dave Johnston Mine near Glenrock is not a member of GAGMO. The 
Cordero Mine resigned from GAGMO in December 1992. 
Each year GAGMO contracts with an independent firm to publish the results of the 
monitoring for that year. In 1991 GAGMO published two reports--an annual report 
for 1990 and a 10-year report. The 10-year report, prepared by Hydro-Engineering 
of Casper, summarized the data accumulated during the last 10 years of monitoring 
in the Powder River Basin. According to that report, 646 monitoring wells were oper-
ated at 21 coal mines in 1990 (Hydro-Engineering 1991). The 21 sites included 
active and inactive mines and unmined leases. Data for the Cordero Mine are not in-
cluded in the GAGMO 1993 annual report but were included in the 1 O-year report and 
in annual reports prior to 1993. 
A major groundwater issue is the extent of the loss in hydraulic head in the coal and 
shallower aquifers in the area surrounding the mines. Most of the monitoring wells 
included in the GAGMO 10-year report (578 wells out of 646 total) are completed in 
the coal beds, in the overlying sediments, or in sand channels or interburden between 
the coal beds. These holes range from 9 feet to 420 feet deep. Figure 6, taken from 
the GAGMO 1 O-year report, shows the changes in water levels in the coal seams after 
10 years of monitoring (Hydro-Engineering 1991). This map shows the area where 
actual decline in hydraulic head in the coal seam has been greater than 5 feet in 10 
years, in comparison with the predicted worst-case 5-foot decline derived from 
groundwater modeling done by the mines. WDEO/lOD policy is to have the mining 
companies determine the extent of the 5-foot reduction in head. 
In general , reduction in hydraulic head as a result of mining activities in the coal does 
not extend east of the mines because the mines are located on or near the coal out-
crop line. The actual 1 O-year, 5-foot reductions have not exceeded the predicted 
worst-case reduction in any of the mines. In most cases, the reduction in hydraulic 
head is well within the mines' predicted worst-case reduction. 
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Figure 6 : 
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Worsl-Case. and the USGS Predicted Cumulative Ora"downs 
(Modified from Hydro- Enginee ring. 1991) 
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The actual 5-foot loss of hydraulic head levels are also well within the cumulative hy-
draulic head predicted by the USGS in the Powder River Basin CHI A (USGS 1988). 
This study predicts the approximate area of 5-foot or more water-level decline in the 
Wyodak coal aquifer which will result from "all anticipated coal mining." "All anti-
cipated coal mining" (as referred to in the CHI A) includes 16 surface coal mines 
operating at the time the report was prepared and 6 proposed mines. The proposed 
mines include two which are now producing, one which was inactive but is now pro-
ducing, and the proposed Rocky Butte Mine. The study assumes that water-supply 
wells completed in the coal may be affected as far away as 8 miles from mine pits, 
although at this distance the effects were assumed to be minimal. 
The CHIA indicates that there are about 3,000 wells in the area subject to impact by 
current and anticipated mining in the basin. About 1,200 of these wells are outside 
the actual mine areas and will not be removed by mining. About 1,000 of these wells 
are for domestic or livestock uses, and about 200 wells supply water for other uses. 
The remaining 1,800 wells are used by coal mining companies. About 1,700 wells 
are monitor wells only; the other 100 are used for water supply and dewatering at 
mine sites. 
Of the 1,200 water-supply wells subject to impact, about 580 are completed in the 
Wasatch aquifer, about 100 in the Wyodak coal aquifer, and about 280 in strata 
below the coal. There is no completion data available for the rest of these wells 
(about 240) . They could be completed in any of the above aquifers. 
Since the actual 1 O-year loss in hydraulic head (or water-level decline) lies well within 
the cumulative levels predicted by Martin et al. (USGS 1988), the cumulative impacts 
to w ater wells have not reached the levels described in that report. 
The additional groundwater impacts that would be expected as a result of the Light-
house and Marquiss coal bed methane developments (map 3) would be additive in na-
ture and would extend the area experiencing a loss in hydraulic head to the east. The 
area bet ween the CBM fields and the mines would be subjected to the cumulative im-
pacts of t hese t wo distinct activities. The overlapping impacts of the two activities 
would be additive. For example, at a point (or a well) that is experiencing a loss of 
hydraulic head of 50 feet caused by CBM activities and a loss of head of 5 feet as a 
result of coal mining activities, the total loss of hydraulic head will be 55 feet. In this 
example this is the point where the 5-foot contour line from the 1988 CHIA predicted 
cone of depression resulting from the mine activities intersects the 50-foot contour 
line of t he predicted cone of depression resulting from CBM activities. 
Wildlife 
Cumulative impacts to wildlife occur as a result of surface disturbance. The total por-
tion of unreclaimed land at anyone t ime is much less than that of the proposed pro-
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ject area. Cumulative impacts to big game species, sage grouse, raptors, and prairie 
dog towns could occur; however, these impacts should not be significant due to the 
small percentage of land involved and the short duration of development activities. 
Similarly, the cumulative impacts to range forage should be temporary , short term, 
and minimal in relation to the total available rangeland within the proposed project 
area. 
Socioeconomics 
The cumulative socioeconomic impacts of the proposed project associated with other 
energy development projects and activities in Campbell County would be insignificant 
because facility construction and operation of the proposed project are on a small 
scale. The Lighthouse project' s small permanent work force (two full - and two part-
time employees) is an insignificant impact compared to other energy development em-
ployers in Campbell County. 
The Lighthouse project' s potential financial return to Campbell County and the state 
of Wyoming in the form of mineral severance taxos, royalties, and taxes will contrib-
ute significantly to the county. 
RESIDUAL IMPACTS 
The primary long-term residual impact of the proposed action would be withdrawal of 
water from the coal aquifer. Given that there is clear evidence for the opportunity of 
recharge and/or recovery in the affected aquifer this impact should diminish with t ime. 
What is uncertain is how efficiently this recharge will occur in the proposed project 
area. 
65 
CHAPTER 5 
CONSULTATION AND COORDINATION 
SCOPING PROCESS 
On August 16, 1994, the BlM sent a letter to all surface owners in the potentially af-
fected area of the proposed project_ This letter briefly described the project, the scop-
ing process, and set a schedule for public meetings to receive comments on the pro-
posal. BlM issued a press release on August 23, 1994 regarding American Oil and 
Gas' proposal to develop the Lighthouse project. The press release contained a brief 
description of the proposed project and announced the time and location of the scop-
ing meetings. Public meetings were held with the Powder River Basin Resource Coun-
cil at the Campbell County Public Library (August 23, 19941; with landowners at the 
Holiday Inn in Gillette (August 25, 19941; and, a general public meeting was convened 
at the Gillette Holiday Inn, September 1, 1994. In addition to these scoping meetings, 
tours of existing coal bed methane production facilities at American's Marquiss Field 
were conducted by the BlM and American on August 23, 1994 and August 26, 
1994. 
A letter was sent to all participants on September 23, 1994, stating what environ-
mental analysis process would be followed by the BlM. 
On October 27, 1994, the BlM issued a news release extending the comment period 
to November 30, 1994. This was necessitated by American Oil and Gas' desire to 
increase the size of the proposed project area and the need for more time for the BlM 
to collect additional hydrological and geological data. 
The primary concern raised by the public involved potential negative impacts of the 
coal bed methane development on water availability to domestic water wells in the 
proposed project area and any potential reduction of surface water quality. 
CONSULTATION AND COORDINATION 
Concurrent with the scoping of the Lighthouse project, the BlM was in the process 
of developing a model and database system. This system was to help analyze the 
potential hydrologic impacts associated with withdrawn water from the coal aquifer 
being mined by surface coal mines to the east. 
Given that the BlM, other federal agencies, and WDEQ were already gathering data 
to put into a database to support coal development and management, Casper District 
office personnel intended to use the database to calibrate analysis of the cumulative 
impacts to the groundwater of the area. 
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State Historic Preservation Office 
State Department of Environmental Quality, Water Quality Division 
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Powder River Basin Resource Council 
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APPENDIX 
CHEMICAL ANAL YSES OF WELLS AND SPRINGS IN THE POWDER RIVER STRUCTURAL 
BASIN AND ADJACENT AREAS, CAMPBELL COUNTY, WYOMING" 
LEGEND 
Geologic Age Geologic lmit 
~ic 
"- .- "-
locall y present aquifers Holocene ALVII Alluvil.lrl 
Tertiary INTY Intrusive Rock 
01 igocene ""VR White Riyer FOf'Ntion or GrQl.4) 
... ., .... ::0::." ......... 
Wasatch/For t Union E .. ..,. IISTe wasatch Formation 
PlIleoc«le fRUN Fort Union FOMrlBtion 
TGRY Tongue River "ea.,. or fort Union Formation 
TULK Tullock Mfti:Jer of Fort Union FOnMtion 
.. .................. 
lance/fox Hi lis Cretaceous CReS Cretaceous System 
U~r Cretaceous CODY Cody Shale 
, .. Fox HUls FOnllltion 
fRNR Frontier Fo,..t ion 
LNtE lance Fontlllltion 
"' ................. 
Aquitard LUIS lewi s Shale 
MVRD Mesaverde Formation or GrCX4) 
PIRR Pi erre Shale 
=== ......... ".'ut •• a 
Dakota Lower Cretaceous ClVl Cloverly FOl"1ll8tion 
FLAV Fall River FOMMtfon 
INKR I nyan Kara Gr~ 
LKOT Lakota Formation 
.... Y Mowry Shale 
=========,.,. .... = 
Aquitard Upper Jurassic GPSP Gyps"'" Spr i ng FOMMt I on" 
MRSN Morrison Formation 
SNDC Slnience Fonution 
Upper Triassic CGTR Chugwater FOnNlltion or Gr~ 
lower Triassic GSEG Goose EII9 Formation 
SPRF Spearfish Fonnation 
Lower Penni an CSPR Casper Formation 
Fort Union Format i on 
MNKT Mimekahta LilMstonr 
MNLS Mimelusa Formation 
ope. Opeche Shale 
TSLP Tens leep Sandstone 
=:11====:11======= 
Madison Upper M i55 i 55 i ppi an CRLS Charles Format ion of Madi son Group 
.., .. Madi son Limestone 
MSNC Mi ss ion Canyon Limes tone 
Lower Mi ssissi ppian LDGP lodgepole Limestone 
PHSP Pahasapa L irnestone 
Upper Ordovi cian RDRV Ri!d River Formation of Bighorn Group 
Middle Cantlrian FLTD Flathead Quartzite or Sandstone 
============== 
Aqu i ta rd Precarrtlr i an PCl19 Preclft'brian frathem 
"NOW des i gnated M i dd l e Jurass i c by the USGS. 
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42M 69\1 078AC 07/08/68 125FRUM 120 
42M 70W 05000 07/09/68 12411STC 233 
42M 70\1 3211A 07/08/68 12411STC 2ao 
42M 7111 268BC 07/15/68 12411STC 110 
42M 7411 06AC 06129/68 12411STC 225 
43M 69\1 1911B 08/07/68 125FRUM 170 
43M 70W 11011 011/07/68 124115TC 45 
43M 7111 21ADB 06/22178 12411STC 100 
43M 7111 21AD8 06/221711 124115TC 200 
43M 7211 11800 Oa/ll/49 12411STC 4a5 
43M 7211 11800 03/16/49 12411STC 160 
43M 7211 I1BOO Oa/05/49 124115TC 240 
43M 7211 16CC 07/09/68 12411STC 345 
43N 7211 1880 07/09/68 12411STC 261 
43M 7211 21CA 07/09/68 12411STC 550 
43M 7211 368CC 06/21/78 125FAUM 693 
44M 70W 28C8C Oa/07/68 12411STC 261 
44M 7111 1000 07/08/68 12411STC 124 
44" 7211 ISBA 05/10/66 12411STC 145 
44M 7311 3SCC 10/14/68 12411STC 205 
45M 7111 02AM 06/05/68 124115TC 155 
45M 7111 05 BAD 10/21/n 125FAUN 400 
45M 7211 368CC 06121178 12411STC 21a 
45M 7411 HCB 06/29/68 12411STC 259 
45M 7511 34B8 10/11/68 12411STC 160 
46N 7211 01BCC 07/15/68 12411STC 90 
46N 7211 27AAC 011/30/68 12411STC 125 
46N 7311 06000 07/12168 12411STC 233 
46N 7311 34CCO 07/19/68 12411STC 200 
46N 7411 09C8 10/09/68 12411STC 2al 
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APPENDIX 
CHEMICAL ANAL YSES OF WELLS AND SPRINGS 
IN THE POWDER RIVER STRUCTURAL BASIN AND ADJACENT AREAS, 
CAMPBELL COUNTY, WYOMING-' 
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1,720 a . l 11.0 1,440 244 66 a3 la.O 227 ass 3 
1,550 a.2 11.5 1,320 96 23 310 a . o 240 750 9 
1,700 a . a 12.5 1,560 110 29 350 11.0 207 940 a 
--- a.l 
---
314 31 6 --- --- 267 50 11 
--- 7. 3 -_ . 2,700 506 163 --- --- 271 I,SOO 13 
_.- a.2 --- 1,7aO 206 65 --- --- 169 1,150 13 
2,130 a.5 12.0 1,790 340 100 68 a.6 31a 1,100 2 
1,360 a.3 12 . 0 1,030 202 46 54 7.2 247 584 3 
617 a.3 13.0 367 12 3 137 2.3 389 1 12 
2,300 7.9 11.5 2,570 310 ISO ISO 9.5 320 1,600 4 
1,1SO a.5 11 . 0 7aS 40 10 221 5 . 2 166 306 13 
2,040 7.9 11.0 1,710 299 110 74 7 . 0 242 1,080 6 
2,960 7 . 2 .. - 2,660 44a 157 122 13 . 0 340 1,730 7 
1,520 7.a 11.0 1,070 75 17 23a 3.3 lla 672 3 
1,740 7.5 13.0 1,240 100 26 268 6.3 361 630 19 
1,300 7.3 10.0 792 30 12 240 10.0 790 62 41 
4,150 7.7 10.0 3,760 460 250 300 12.0 410 2,500 16 
2,070 7.a --- 1,520 136 19 309 5.1 a2 1,000 5 
755 7.9 10.0 4a7 92 36 26 4 . 1 35a 135 2 
3,600 a.2 11 . 0 3,660 594 21a 167 14.0 296 2,4aO 19 
1,060 a.o 12 . 0 70S 55 a 176 5.2 268 308 12 
1,740 a.l 13.0 1,350 210 48 160 7.1 308 755 5 
1,820 a.l 12.0 1,300 130 31 271 4.9 573 5S5 12 
1,090 7.9 --- 726 34 a 195 1.9 120 410 9 
- - - - - - - - -
11-
trat .. 
FIuo- .. nl- Sit-
ride tl'Olllft lea loran Iran 
1!IIl.U !!IIl!l !!IIl!l ~ idl.O 
0.4 --- 7.7 60 550 
1.0 --- 37.0 60 1,300 
.6 
---
a.2 30 700 
.1 
---
a.s 40 170 
.3 --- 7. 6 20 SO 
.6 --- 5.6 10 490 
.9 --- 2a.0 
---
30 
.1 0.01 9.6 --- ISO 
.3 .02 7.6 --- 40 
--- --- --- --- ---
---
--- --- --- ---
._-
--- -- -
---
-.-
.0 _ .. 17. 0 100 890 
.1 --- 15.0 90 400 
.7 .-. a.3 70 210 
.3 .20 6.5 ... 120,000 
1.0 --- a.9 10 440 
. 4 --- 14 . 0 60 30 
1.0 ... 17. 0 310 1,030 
. 3 --- 6.a 10 30 
.a --- 7.4 60 2,300 
1.1 ... 5.4 160 700 
.3 .03 11.0 -.- 3,200 
.4 ._- 7.2 20 60 
.2 --- 15.0 10 970 
1.9 .. - 12 . 0 110 a,aoo 
.5 --- a.4 30 .-. 
.1 --- 11.0 40 320 
.3 --- a.a 50 610 
.4 .-. 7.4 10 40 
- - - - -
- - - - - - - - - - - - - - - - - - -
Well 
Deplh 
or Alk.· 
Inler· Speci· IInlty II· 
val fie C ... • Dis· .. trate 
Dale of 
--
_tance T"""," solved ..... Pol .. • blear· Sui · "'lor· FI ..... .. nl· SII· 
~Ie Col · pled (_iero· er.ture SOllda Calel .. ... 1 .. Sodl .. sl .. ~I. fat. Ida ride tl'-" lea loran Iron 
locati ... leeti ... ~ (feel) .i_a) I!!! ~ 1!Bl!l 1!Bl!l 1!Bl!l 1!Bl!l 1!Bl!l 1!Bl!l 1!Bl!l 1!IIlU 1!IIlU 1!Bl!l 1!IIlU ~ 1dill 
4611 7!j1l 0980 10/09/611 124115TC 400 1,4QO 7.4 12.0 983 44 11 250 2.6 88 604 18 . 2 ... 9 . 4 20 520 
4611 7611 l00A 10/09/611 124115TC 90 2 , 340 7 .9 12.0 1,890 198 123 231 4.4 274 1,160 15 .2 ... 10. 0 120 20 
4711 7211 07CBC 11/05/80 124115TC .. . 1,901 8 . 0 12.0 1,300 55 14 360 11.0 293 680 25 .3 .00 13. 0 lO 1,600 
4711 7211 07CBC 11/12/110 124115TC ... 2,733 7 . 7 10 . 0 2,160 270 67 320 16.0 329 1,300 9 .1 .01 13.0 80 190 
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4711 nil 07C80 10/04/77 124115TC .. . 2,220 6.8 10 . 5 1,620 200 63 190 6 . 7 290 860 7 ... .04 ... 50 40 
4711 7ZII 07C80 10/05/77 124115TC ... 1,420 8.3 10 .0 1,000 31 13 280 5 . 1 293 520 7 ... .01 ... 50 lO 
4711 7211 07C80 11/10/110 124115TC . .. 1,849 6.7 13 .0 1,600 310 100 100 13 . 0 817 620 23 . 2 .01 28.0 110 2,000 
4711 7ZII 07C80 11/11/80 1241151C ... 975 6.5 11 . 0 629 150 41 19 6.9 646 64 4 .3 . 01 23.0 80 1,800 
4711 7ZII 07C80 11112/80 1241151C ... 2,100 6 . 5 10. 0 1,390 260 70 140 11.0 1,499 4lO 12 0.01 .01 18. 0 90 810 
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47N 7211 07eBD 12101/78 12411STe ... 1,780 6.7 10.0 1,590 240 79 140 8.5 730 690 9 ... 9.30 24.0 110 1,700 
41M 7211 07e8O 07/11/79 12411STe ... 1,200 7.7 12.5 746 34 8 250 5.4 790 41 9 .3 . 01 8 . 3 60 20 
41M 7211 07eBD 07/11/79 12411STC ... 1,400 6.7 10.0 1,050 190 60 78 6 .6 730 310 5 . 2 . 10 41.0 100 3,200 
47N 7211 07e8O 03/07/80 12411STC ... 2,140 6.6 18.0 1,200 290 86 34 8.0 1, 158 170 4 . 2 .04 34.0 110 1,400 
41M 7211 07e8O 03/07/80 12411STe .. . 2,160 7.0 14.2 1, 300 300 85 38 11.0 1,134 270 4 .2 . 10 36.0 110 1,100 
41M 7211 07e80 03/07/80 I 2411STe ... 1,910 6.7 22 . 0 1,070 250 75 42 8 . 6 1,158 76 7 .2 . 02 !,S.O 160 1,200 
41M 7211 07e80 08/13/80 12411STe . . . 1,080 6 . 8 13.8 ... 1110 58 44 6.1 ... 170 8 .3 .00 13.0 130 3,700 
47N 7211 07eCA 11/12180 12411STC . .. 1,181 6.8 12.0 2,240 220 54 510 13.0 1,268 750 39 .1 . 01 .B.O 100 720 
41M 7211 07eeA 07/10/79 12411STC .. . .. . ..- .. . 1,610 120 10 170 6.5 160 890 8 .2 .10 10.0 70 510 
41M 7211 07CCA 11/07/80 12411STC ... 3,200 7.8 50.0 2,450 92 100 520 86.0 430 1,400 41 1.0 . 00 18.0 2,000 590 
41M 7211 07eeA 03/21/79 12411STC ... 2,500 7.8 10.5 2,090 350 20 290 13 . 0 300 1,200 57 .2 .10 12.0 130 220 
41M 7211 07CCA 06/10/81 12411STe ... .. . ... ... 2,170 310 68 470 12.0 1,256 1160 14 .1 .. . 17.0 290 540 
41M 7211 07eCA 03/23/79 12411STC ... 2,500 7.3 10.5 2,440 230 40 410 9.3 460 1,200 9 .1 .10 12.0 260 600 
41M 7211 07eeA 05/09/80 12411STC ... 1,600 6.5 24.5 3,390 430 100 580 23 . 0 1,463 1,500 8 .1 .02 21.0 140 6,Il00 
41M 7211 07CCA 07/10/79 12411STC ... 1.100 7 . 7 11 . 5 799 27 7 250 4 . 2 510 200 50 .3 .10 7.2 70 1,200 
41M 7211 07CCA 07/11/79 12411STe ... 1.050 8.0 11.5 693 28 7 220 6 . 7 530 130 30 .3 . 10 8.7 60 480 
41M 7211 07CCA 07/11/79 12411STC ... 2.300 7. 4 11.5 1.1140 160 37 390 9.6 490 980 8 .1 .10 11.0 50 1.600 
41M 7211 07eCA 10/24/79 12411STC ... 1.990 6.8 11.3 1,440 170 33 340 8.7 1.195 260 23 . 2 . 00 12.0 90 2.100 
47N 7211 07CCA 07/11/79 12411STC ... 2.250 7.7 10. 5 1.730 140 34 370 10.0 420 940 8 . 1 .04 15.0 50 9.100 
41M 7211 07CCA 07/10/79 12411STC ... 850 7 . 9 ... 558 19 5 200 4.0 570 25 15 .4 .19 8 . 5 70 170 
41M 7211 07CCA 03123/79 12411STC ... 1.170 7.8 10.5 948 43 11 280 5.1 430 320 67 .3 .10 7.9 90 730 
47N 7211 07CCA 03/23/79 12411STC .. . 1.200 7.8 11 . 0 1102 56 7 230 27.0 510 160 61 .3 .10 8.8 260 110 
41M 7211 07CCA 10/25/79 12411STC .. , 2.240 6 . 6 10.7 1.950 200 43 420 9.9 792 870 8 .2 .00 12.0 70 1,300 
41M 7211 07eeA 12105/79 12411STC ... 3.170 7.1 12.7 2.3'50 300 52 500 10.0 1.755 550 33 .2 .02 17. 0 110 48.000 
47N 7211 07eCA 03/07180 12411STC .. . 4.000 6.8 ... 2.810 310 114 560 18.0 1.365 1.100 43 .1 .01 17.0 90 1 , 700 
41M 7211 07CeA 03/07/80 12411STC ... 4,960 7. 5 59 . 4 3,400 240 75 600 120 .0 80 2.200 95 2.3 .09 16. 0 4.400 30 
41M 7211 07CCA 05/06/80 12411STC ... 1.600 8 . 2 14.0 1.140 49 12 310 5 . 5 195 640 12 .2 .02 8 . 5 10 40 
41M 7211 07eeA 08/15/80 12411STC .. . 3.980 7 . 0 48.0 . .. 400 83 520 36.0 . .. 1 . Il00 36 .4 .01 29 . 0 1.900 40 
41M 7211 08e8B 07/10/79 ... 1.450 7 . 6 13.5 952 110 31 160 8.1 590 330 9 .1 .10 11.0 100 10 
41M 7211 09BDC 01/06/78 12411STe ... 1.150 7.4 11.0 1.950 230 100 1110 9.6 170 1.200 5 . .. . 01 _.- 60 1,300 
41M 7211 0908C 10/07/76 12411STC ... 2.600 7.4 11.0 2,520 290 92 310 11.0 138 1.500 5 ... . 01 . .. 80 1 
41M 7211 128ee 10/08/76 12411STC ... 1,900 7.8 11 . 0 1.430 81 20 360 5 . 8 232 810 5 ... .01 ._ . 40 10 
41M 7211 17AA8 10/08/76 12411STC . . . 2,400 7.5 10 . 5 2.040 180 55 320 9.7 17 1,300 5 . .. .01 . .. 40 10 
41M 7211 las8C 10/08176 12411STC . .. 1,500 7.2 6.5 1.340 170 48 160 11.0 158 760 12 ... .09 . .. 110 10 
41M 7211 18CA 08/18/75 125FRUN ... 2,025 7 . 1 13.0 1.430 180 52 210 8 .3 340 790 7 .1 . .. 13.0 50 630 
47N 7211 180A 08/18/75 125FRUN . .. 1,020 7 . 9 12 . 0 697 35 11 210 10.0 515 160 8 . 3 . . . 7 . 8 60 40 
41M 7211 24eo 06/05/68 12411STC 40 3,590 7 . 4 11 . 0 3.420 482 252 173 12.0 273 2,300 50 1.1 '-' 13 . 0 130 5 . 830 
41M 7311 OIlDOC 07/12168 12411STC 311 1.200 8.3 11.0 766 33 6 205 2 .9 911 457 5 .4 ... 7.3 20 80 
41M 7511 O6OCA 10/10/68 12411STC 200 1.200 7.4 11.0 m 25 3 220 2.4 78 461 15 . 3 .. . 8.1 20 30 
41M 7511 138CC 10/10/68 12411STC 355 1,630 7.6 13.0 1.310 225 74 96 5.1 350 720 3 .2 ... 10.0 30 40 
,lr 
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4711 7611 26CD 10/09/68 12411STC 300 1,5SO 7.6 11.0 1,040 61 10 257 2.6 90 656 5 .4 --- 6_8 0 130 
4811 6911 110C 07111/79 125fRUN 420 1,650 8.4 13 .8 1,210 a 3 400 2.6 542 540 8 .7 --- 5_8 120 50 
4811 6911 22AC 07/11/79 125fRUN 400 1,780 a.4 11.4 1,260 a 3 410 2.6 408 610 13 1.3 --- 7_3 90 110 
4811 6911 2IDCC 01/07/SO l11AlVM 40 753 8.5 --- 467 84 23 sa 4.7 422 74 1 . 4 --- 13.0 80 60 
4811 6911 351080 01/07laO 125fRUN 170 1,780 a.7 11.0 1,190 15 5 410 3.6 590 440 7 .7 --- 7_3 80 70 
4811 70W 171C 06/20/68 125fRUN 100 2, 160 6. a 12.0 1,950 367 al 78 6_7 32 1,360 9 .3 --- 35.0 50 670 
4811 7111 118CC 06/20/68 12411STC lao 1, 470 a.2 23.0 924 53 19 lOS a _7 1,060 1 5 .9 --- a.2 so 770 
4811 7111 14C8 06/05/68 12411STC 114 2, 020 7.3 11.0 1,450 151 51 307 12_0 984 412 10 .9 
---
14.0 90 4,860 
4811 7211 13M 06/17/68 12411STC 122 2,270 7.7 12 .0 1,880 300 156 62 8 _4 375 1,110 7 1.1 --- 14.0 150 180 
4811 7311 lUO 07112168 12411STC lOS 2,000 7.9 11.0 1,520 151 31 285 6_0 ISO 948 2 .2 --- 7.8 30 20 
4811 7511 068M 07/11/68 '2411STC 300 65a a.l 12.0 384 6 1 135 1.4 220 111 12 .4 
---
7.9 20 140 
4811 7511 1480 07127176 12411STC 195 510 a.a 13.0 312 5 1 110 1.1 223 61 16 .6 .10 7.4 40 90 
4911 6911 07AC 02108/72 211FXHl 2,700 1,540 8.3 2a.5 971 3 1 391 1.6 793 132 30 5.2 _20 15_0 570 30 
4911 7111 llDCC 05126149 12411STC 204 514 7.0 -- - 227 36 19 9 3.2 123 80 4 .a 
---
13.0 110 14,600 
4911 7111 29OCIo 06/04168 12411STC 261 1,010 7. a 17. 0 655 24 7 213 4.1 437 In 5 . a .00 9.5 40 ---
4911 7211 O4A8 08/07/49 12411STC 387 2,030 7. 5 
---
1,250 58 45 111 11.0 627 476 21 1. 2 --- 8.7 70 20 
4911 7211 05AA8 06/14149 12411STC 120 2,210 7.0 
---
1,940 365 114 40 9.2 46 1,370 4 .6 
---
12.0 270 11,000 
4911 7511 29CAC 01/01/58 125fRUN 2, 111 --- 8.0 --- 1,290 15 9 510 --- 1,231 118 34 --- --- --- --- ---4911 7511 11CCC 07/11/68 12411STC 420 539 8 .1 14.0 130 5 0 123 1. 2 229 68 10 .8 --- 8.6 30 70 
4911 7511 120CC 08/05/58 125fRUN 2,737-
---
8.2 --- 1,010 19 5 380 --- 781 150 70 -- - ..... j --- --- ---
2,832 
4911 7511 120CC 08/09/58 211LNCE 5,297- --- a .5 -- - 2,610 13 5 997 --- 1,256 600 380 --- --- --- -- - ---
5,362 
4911 7511 120CC 08/09/58 211FXHl 5,91a- _. - a . 4 
---
3,200 19 
---
1,290 --- 1,914 200 720 --- --- --- --- ---6,050 
4911 7511 3200 07111/68 12411STC 160 442 a . 4 11.0 263 3 2 100 1.7 267 1 13 .5 -- - 9.2 30 130 
4911 7511 14CA 07121176 12411STC 515 993 a.a 14.2 646 9 2 190 2.1 180 330 16 .3 .03 7_9 40 90 
4911 7511 34CA 07121176 12411STC 520 6SO a.7 12.6 
--- --- --- --- -- -
194 
--- --- --- --- --- --- ---
4911 7611 27AM 07111/68 12411STC 1,000 1,140 a.l 17.0 726 9 2 300 3.3 779 7 10 2. 0 --- 9 .3 110 460 
SON 7111 20AOC 05123149 12411STC 6 l,a9O 7.3 --- 1,490 195 112 58 67.0 304 856 a . 9 --- 30.0 630 10 
5011 7111 2118. 10/24174 125FRUN 220 3,700 7.6 10 .0 2,790 330 150 380 40 .0 753 1,500 11 .5 
---
9.8 80 20 
SON 7111 27MC 10122174 llUlVM 18 3,020 7.7 10.5 2,180 260 130 290 14_0 443 1,100 160 .5 --- 6.7 280 50 
SON 7111 27AIA 03/04/75 125FRUN -- - 535 8.3 17.1 333 6 1 130 4. 7 354 3 5 1.2 . 10 8.3 50 -_. 
SON 7111 271AO 03/05/75 l1UlVM 19 7,270 7.5 9.5 6,610 370 520 980 la.O 746 4,300 38 .7 .10 12.0 480 ---SON 7111 271AO 05115/75 125FRUN -- - 4SO 7.7 14.0 289 5 2 110 4.0 301 1 a .9 .02 8.0 40 ---SON 7111 271C. OS/21149 125fRUN 540 471 7.7 
---
270 8 4 91 2.8 283 3 7 1.0 --- 11.0 190 50 
SON 7111 2aMC 05124176 
---
1,550 a . o 14.0 
--- 160 81 290 21.0 --- 1,100 39 .6 -_. 4.6 --- 30 SON 7111 nlAc 10/22174 125fRUN 152 4,000 7_6 a.5 3,070 290 160 500 23.0 895 1,600 44 .6 
---
11.8 120 430 
5011 7111 338AC 10122174 125fRUN 65 3,200 7_5 9. 5 2,500 380 180 ISO 23.0 675 1,300 90 .5 
---
12.0 120 ---SON 7111 33810C 03/06/75 l11AlVM 26 4,230 7.5 a.o 2,950 370 250 2SO 16. 0 1146 1,400 200 _II .04 13 .0 240 ---
7:;; 
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SON 7211 OBBBB OS/20/49 124115TC 380 
50N 7211 14MA 05120/76 ---
SON 7211 20CM 05121149 124115TC 160 
SON 7211 21AAC 05125176 _ .. 
SON 7211 21ACC 06/14/49 124115TC 210 
SON 7211 21ACC 05/31/49 211 FXHl 3,445 
SON 7211 22CAC 05/31/49 125FRUN 840 
SON 7211 26AAC 05126176 124115TC 207 
SON 7211 26ACB 07/06176 124115TC 280 
50N 7211 26BBB 05126176 ---
50N 7211 2eAB8 08/13176 124115TC 232 
SON 7211 34AM 07/06176 124115TC 1,106 
50N 7211 358A OS/23/68 124115TC 340 
50N 7211 3500 05/09/68 124115TC 305 
50N 7311 01AA 08/13176 ---
SON 7311 27BCB OS/25176 ---
50N 7411 25ACC 07/10/68 124115TC 270 
50N 7411 31C8 OS/21/68 124115TC 290 
50N 7511 30BD 10/15/68 124115TC 400 
51 N 69\1 2080 07/01/68 125fRUN 206 
51N 69\1 2008 07/01/68 211fXHl 2 , 250 
51N 69\1 340CB 10/15/71 211fXHl 2,396 
51N 7111 22COC 06/09/49 124115TC SPRING 
51N 7111 23CD 06/28/68 125FRUN 219 
SIN 7111 29AO 06128/68 125FRUN 130 
51~ 7111 30BAO 06/08/49 124115TC SPRING 
51N 7111 32COC 06128/68 125FRUN 311 
SIN 7211 22C8 06/06/68 124115TC 100 
51 N 7211 23A8 11/22/76 125FRUN 1,100 
51N 7211 29B00 OS/20/49 124115TC 34 
51 N 7211 32CCC 09/18/50 124115TC 433 
51N 7611 0988 10/15/68 125FRUN 1,800 
52N 71N 02A8 07/01/68 125FRUN 750 
52N 71N l 1CA 06/n /68 125FRUN 635 
52N 71N 2508 07/0 1/68 125FRUN 505 
52" 7311 2500 05/14/68 124115TC 210 
52N 7411 01BA 07/22/76 125FRUN ... 
52N 7511 17AO 07/17/68 12411STC 938 
52N 7511 27C8A 07/17/68 124115TC 160 
53" 71N 13M 07/05176 125FAU" 810 
53N 71N 210C 06/27/68 125FRUN 710 
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1, 180 
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4 . 000 
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3 , 000 
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7. 5 ._. 734 25 14 254 
7 . 4 19. 0 
---
-- - ---
_.-
7. 6 --- 430 85 32 9 
7 .9 38 . 0 831 2 0 350 
7 .6 
---
1,940 341 150 43 
--- 43 . 9 1, 150 5 1 473 
7 . 7 ._- 745 50 24 In 
6 .9 12.5 --- -- - ._- ---
7. 3 14 . 9 712 30 15 240 
6.8 12 . 0 -- - 500 180 88 
6 . 5 13 . 0 2,830 530 150 46 
7 . 5 21.2 347 11 4 120 
7 . 7 11.0 782 34 19 269 
7 . 3 11.0 4,060 448 443 104 
7 . 0 12.5 2,690 530 150 45 
6 .9 10.0 2,150 430 110 86 
8 . 3 
---
415 13 1 158 
7.4 11.0 1,220 50 17 312 
7 . 9 11.0 395 7 2 138 
8 . 7 --- 1, 340 28 4 450 
8 . 7 10.0 1,110 18 1 390 
9 . 0 16.0 824 2 0 320 
7 . 7 ... 286 53 11 14 
8.1 12. 0 1,440 119 65 261 
7 . 3 9 . 0 1,070 192 47 62 
7 . 4 ... 1, 080 193 56 41 
7 . 6 14.0 1, 020 57 29 320 
7 . 5 12 . 0 1,070 79 38 306 
7 . 7 . .. 3,480 500 220 200 
7.5 .. . 2,320 275 204 144 
7.3 13.5 ... .. . . .. ... 
8 . 4 15 . 0 1, 160 24 3 455 
8 . 8 13 . 0 781 7 1 300 
8 . 7 12.0 825 5 5 325 
8 . 8 12.0 948 5 2 360 
7.2 12 . 0 273 58 13 10 
7 . 5 12 . 5 4 , 050 460 150 570 
8 . 4 16. 0 506 10 4 198 
8 . 2 11.0 415 6 0 167 
8 .3 15.0 755 3 1 290 
8 . 8 14.0 8n 7 0 340 
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5.6 823 2 8 .8 --- 12 . 0 80 850 
--- --- ---
--- --- --- --- 40 140 
5 . 6 249 149 4 _9 --- 17. 0 0 270 
3 . 3 848 7 28 5 . 4 .01 16.0 190 30 
14 . 0 373 1, 170 7 . 2 --- 22.0 220 3,300 
5 . 2 1,217 2 31 8.0 -- - 20.0 260 10 
7 . 6 432 238 15 1.4 --- 13.0 150 510 
--- 311 --- --- --- . 02 --- 100 3 , 700 
7 . 2 800 6 10 . 8 .06 8.8 80 20 
16.0 --- 1, 900 8 .1 --- 18.0 160 2,600 
6 . 2 274 1, 900 8 .5 .01 23.0 110 21,000 
5 . 1 363 2 8 1.0 1.30 10.0 60 170 
7.3 859 13 7 .6 --- 8.5 100 10 
10.0 311 2,880 3 3 . 2 --- 15.0 230 6,000 
6.1 210 1,800 8 _4 -- - 22 . 0 120 20,000 
7.2 36l 1,300 24 . 4 --- 13.0 230 10 
2 .3 444 1 12 .5 
---
8.7 60 90 
3 . 0 123 768 2 .7 --- 7. 8 20 0 
1. 5 217 121 9 .8 - or 8 . 2 20 20 
4 . 9 620 530 1 2 . 8 . .. 6 .9 100 90 
3 . 8 597 384 3 1.8 ... 8.0 120 100 
1.1 545 198 18 4 . 0 0 . 10 11.0 170 60 
11 . 0 164 79 3 1.0 ... 25.0 230 10 
16. 0 519 703 8 .6 ... 7. 7 250 80 
20.0 257 612 3 1.1 ... 5 . 9 960 340 
27. 0 191 636 3 . 9 . .. 25 . 0 710 30 
11.0 1, 150 1 10 . 9 . _- 27.0 70 600 
10. 0 1,120 73 1 .7 ... 12.0 360 370 
65.0 337 2,300 6 . 6 . .. 21.0 3,200 10 
14.0 266 1,480 21 .6 -- - 19. 0 200 2,200 
... 424 .. . 6 . 4 . .. . .. . .. 45,000 
17. 0 1, 231 0 21 1.1 ... 14 . 0 100 60 
1.9 629 144 6 1.8 . .. 7.4 150 70 
1.9 702 123 10 2 . 4 ... 8.4 180 270 
2 . 1 594 266 7 2.6 ... 7 .9 70 160 
1.9 146 100 1 . 9 . .. 16. 0 10 1,400 
14.0 268 2,700 6 .1 . 04 9 . 1 l nO 2,700 
3 . 1 549 1 9 . 7 ... 10 . 0 30 40 
1. 8 435 1 14 1.6 ... 8 . 2 50 50 
1.6 5n 160 4 1.9 .02 8 . 5 180 220 
1.9 763 89 8 2.3 ... 9 . 2 160 240 
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S3N 70\1 026CC 06/27/63 125fRlIN no 1,2S0 11.7 15 .0 790 5 3 309 1.7 655 130 7 3.4 .. . 11.11 160 120 
S3N 70\1 3380A 07/10/63 211fXHL 2,1211 1,450 11 .6 21.0 I11III 3 7 340 1.0 664 167 25 7.0 . .. 10.0 360 160 
53N 70\1 340CC 07/10/63 211fXHL 2,700 1,550 11 .6 16.0 9711 2 0 370 1.1 591 259 37 3.3 ... 11 . 0 540 120 
53N 711/ 1200 06/30/63 125fRUN 7110 1,300 11 . 11 13 . 0 1120 3 1 320 2.1 729 117 6 2.3 ... 9.4 140 110 
53N 731/ 12A8 05/14/63 111Al YM 1011 935 7.11 13.0 566 19 9 205 6.1 604 7 11 .9 -- . 9.9 40 990 
53N 7311 20110 07/23/76 125fRlIN 407 1, 500 1.6 13 . 11 967 35 13 330 6.2 1,030 511 9 .11 . 10 7.9 70 340 
53N 7311 24AC OS/14/63 125fRUN 173 3,430 1.5 12 .0 2,140 379 102 431 17.0 1,350 1,120 9 .7 -- . 7.6 30 5110 
53N 7411 078CC 07/16/63 12411SIC 120 4,190 11.3 11 .0 4,0lI0 440 159 640 15 . 0 366 2,630 5 . 1 --. 9.6 100 2,600 
53N 7411 3SA8 07122/76 125fRUN 210 3,750 7. 4 12.5 3,220 300 130 4110 9.11 259 2,100 6 .4 13.00 9 . 11 120 190 
53N 7511 04AC 011/29/63 12411Src 130 3,1150 7.11 -- . 3, 1110 153 145 660 12.0 236 2,070 7 . 3 --. 3.3 60 20 
53N 161/ 22A8 07/12176 1241151C 1,050 1,260 11 .0 25.3 1191 7 3 350 7. 2 970 '5 '11 1,1 .01 11 . 0 110 '90 
53N 161/ 26MA 07/17/63 '25fRlIN 1,043 , ,1140 11.11 21.0 I , '60 22 10 440 14.0 ',304 0 13 1.3 -- . 15.0 110 ',400 
54N 70\1 09DCC 07/30/63 125fRUN 900 I, '70 11.4 '6 . 0 140 3 0 2115 1.4 5110 1411 4 2.11 --. 10 .0 '30 60 
54N 701/ 190C 06/26/63 125fRUN 30S 1,590 11. 11 12 .0 1,070 11 2 3115 2.7 601 349 5 1.1 --. 11.9 60 160 
54N 1111 01CO 06/26/63 125fRlIN 270 1,410 11. 7 12.0 924 10 1 335 2.1 569 2111 6 1., -- . 11 . 1 30 210 
54N 1111 01CO 06/26/63 l1'AlYM 37 I, '90 11.7 14 .0 757 25 '2 241 3. 5 513 204 7 . 11 -- . 11 .6 60 120 
55N 691/ 3588 07/30/63 '25fRUN 320 2,230 11 . 3 10.0 1,650 145 92 2110 9 .0 652 7111 14 .5 --. 11.9 120 1,000 
55N 70\1 02ACC 071111/63 125fRUN 555 ',430 11.5 14 .0 932 4 1 340 1.7 536 306 5 1.6 -- . 11. 2 240 90 
S5N 70\1 14ACC 07/111/63 125fRlIN 930 1,110 11.5 13 . 0 70' 3 0 263 1.0 524 151 6 2.3 --. 9.9 2110 100 
55N 1111 328C 011/21/75 125fRlIN 105 432 11 . 5 14.2 399 9 6 140 4.2 415 16 9 1.5 --. 9.2 110 120 
SSN 7211 2SCA 011/21/75 125fRlIN SPRING 217 7.11 15.2 209 36 12 '4 11. 6 In 24 3 .11 --. 24.0 160 50 
5SN 1211 32COO 07131/63 I1IAlYM 60 1,520 11.4 9.0 992 35 40 262 111.0 709 2511 13 .9 --. lS.0 120 410 
5SN 7311 26 10/19/n 125fRUN 46S 1,1150 7. 4 14.0 1,120 49 34 360 12. 0 1,290 II 6 0. 7 -- . 11 . 7 90 20 
SSN 7511 098C 06/30/63 125fRUN 1,095 ',950 11.7 12.0 1,220 12 7 490 11.0 1,3n 1 16 1.6 --. 12.0 120 460 
5SN 7511 2988 10/17/63 125fRlIN 415 1,0lI0 11 . 1 11.0 611 9 5 264 2. , 760 0 II 1.0 --. 11 . 2 70 260 
56N 70\1 348DA 01/111/63 125fRUN 5110 1, 230 11 . 5 14 .0 792 3 1 300 1.5 539 206 6 .7 --. 11.7 190 60 
56N 711/ 1500 10/16/63 211 fXHL 2,036 1,330 11.9 111 . 0 1132 2 0 330 .6 669 130 26 4.5 -- . 9.0 440 1110 
56N 7111 30088 10/19/77 111ALYM 23 2,750 7.0 10. 0 2,110 2110 120 160 27. 0 370 1, 300 II . 6 -- . 30. 0 500 120 
56N 7111 30088 10125/76 I1IALYM 30 3, 350 6 .11 9.0 ... -- . -- . -- . -- . -- . --. --. .. . ... -- . .. . --. 
56N 7111 328C 011/21/75 125fRlIN .. . 432 11.5 14 . 2 399 9 6 140 4.2 415 16 9 1.5 --. 9.2 80 120 
56N 7211 19COC 10/29/76 SPRING 1,900 11. 2 13.0 1,500 170 100 130 29 .0 2119 900 6 .4 ... 17.0 1,200 30 
56N 1211 21CCC 10/30176 125fRlIN SPRING 530 1.11 9.0 402 63 26 19 14.0 216 140 3 . 11 .. . 25 .0 360 20 
56N 7211 29ACC 10/30/76 125fRlIN 2110 2,350 7.4 6.0 2,030 260 130 140 27.0 106 1,400 4 .6 .. . 14.0 1,000 110 
56N 7211 29ACC 10/30/76 125fRlIN SPRING 2,350 7.4 6.0 2,030 260 130 140 27.0 106 1,400 4 .6 ... 14.0 1,000 110 
56N 7ZII 30A88 10/29/16 SPRING 2,600 6.7 11.0 2,270 250 140 , 220 24.0 423 1,400 II . 4 -- . 19.0 400 2,900 
56N 7211 31DDA 10/25/76 125fRlIN 633 1,325 7.1 9.5 1191 33 19 260 10 .0 542 290 II .7 -- . 3.4 --. 60 
56N 7ZII 32AC 10/1I1/n 125fRlIN 465 2,300 7.5 13 .0 1,400 61 55 420 12.0 1,220 220 26 . 7 --. 6.3 110 320 
S6N 1211 338CO 10/1I1/n 125fRlIN 3311 2,000 1.11 13.0 1,250 42 46 390 13 . 0 1,090 200 10 .7 --. 11 . 0 90 50 
56N 7211 34110 011/21/75 125fRlIN SPRING 439 11.0 10.0 443 76 23 16 16. 0 156 210 3 .11 --. 21.0 530 40 
56N 7211 36A8 011/21/75 125f_ SPRING 655 6. 5 11.3 655 100 43 40 6.3 191 350 3 . 11 --. 16.0 410 1,900 
10/11/n 125f_ 405 1,550 7.9 15.0 1162 17 9 320 7.6 960 23 7 .5 -- . 4.6 90 210 
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56N nil 258BA 101111/n 125FAIJII 442 3,100 7.6 15.0 1,940 n 113 4110 15.0 5110 990 6 
56N lOW 25CC 10/17/77 125FAUN 422 2,050 7 . 2 10.5 1,280 37 27 450 8.2 1,410 411 5 
56N nil 25CC 10/26/76 125FAUN 175 2,210 7 . 6 10.0 1, 740 62 42 520 11.0 1,250 4110 5 
56N nil 25CC 10/12/n 125FAUN 175 1,900 7 . 8 11.0 l , no 32 22 390 11.3 1,160 87 7 
56N nil 21D0C 10/17/77 125FAIJII 509 1,950 7.56 13 . 0 1,190 31 23 440 9 . 6 1,340 7 7 
56N nil 29808 08/01/611 125FRUN 179 2,100 11.05 11.0 1,540 100 62 310 8.0 592 724 6 
56N 7411 04M OB/ll/76 ... 1,750 8.4 41 . 5 1,0lI0 1 0 440 2.1 1,121 20 40 
56N 7411 O4C8 011/11/76 125FAUN 3 , 1150 1, 750 8.4 41.5 1,310 1 0 450 2.1 1,609 24 41 
56N 7611 25C8 07/08/76 125FAUN 850 3,1100 7. 5 16. 0 2,060 26 11 sao 12. 0 2,llO 24 21 
57N 691/ 25AAA OB/06/611 211PIAR 100 490 B.4 ... 294 l5 111 41 1.7 229 65 2 
57N 691/ 26AC OB/06/611 211PUR lBO 866 7.9 12 . 0 554 III 38 52 7 . 4 353 II1l 2 
57N 70W 1900 07/24176 125FAUN 606 1,210 11 . 9 15.0 657 2 0 220 1.1 380 230 7 
57N 70W 2200 10/08/611 211FXHl 600 1, 010 B.l 14.0 655 2 1 230 1. 0 306 256 3 
57N 7111 1480 OB/06/611 125FRUN 615 1,060 11.11 13.0 661 2 1 254 1.1 521 129 5 
57N 7411 OIllA 07/09176 125FAUN 212 1,920 7 . 2 12 . 5 1, 210 16 9 470 5.7 1,310 11 9 
57N 7411 180M 011/01/611 125FRUN 400 5 , 890 B.l 13.0 5 , 620 444 319 890 21.0 753 3,560 10 
51\11 691/ 31CC 10/08/611 211FXHl 625 1,040 11. 2 12.0 676 7 0 231 1.2 306 272 2 
51\11 7111 250C 09/24/611 111AlVM 111 4,190 7.9 . .. 3,460 225 129 712 21.0 6l1li 1,9110 25 
51\11 7111 26DA 09/10/611 125FAUN 350 1,0lI0 11.0 13.0 6611 3 0 252 1.2 433 1 III 4 
5BN nil 240C 07/31/611 125FAUN 12 2,770 11 . 1 11 . 0 2,380 2611 611 370 52 . 0 5115 1,310 5 
·Conc,."t r ations in mi II lgr_ per t iter ("'!III) or .ierogr_ per liter (PIli') except .s 1.-.:Ile.ted; .I ~rosl-... per conti_ter at 25 dogrHl Cel s ius . 
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I i· 
tr.t • 
FII»- • nl· SII· 
rida tr_ i.,. loran Iran 
!!IIlll !!IIlll !!IIlll ~ ~ 
.2 .. . 1. 7 100 60 
1.0 .. . 11 . 0 90 170 
. 5 .. . 6 .3 110 40 
.9 ... 7.8 110 110 
. 6 ... 7.9 100 60 
.4 ... 11.0 110 1,000 
6.6 . .. 17. 0 370 40 
6.5 ... 17. 0 lIIO 40 
. 9 . 02 9 . 0 160 160 
.5 . .. 15.0 20 150 
.2 ... 16.0 30 350 
.5 . 03 11.9 110 110 
.3 . .. 11.0 60 20 
2 . 3 ... 9.6 130 150 
1.0 .10 7.4 120 230 
.2 ... 7. 1 310 110 
.1 ... 11.0 30 40 
. 6 . .. 25.0 240 20 
2.0 9.0 160 90 
. B ... ~ 111 . 0 5,400 50 
- - - - -
